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(54) Title: TRANSGENIC NON-HUMAN ANIMALS CAPABLE OF PRODUCING HETEROLOGOUS ANTIBODIES 

(57) Abstract , ^ 

The invention relates to transgenic non-human animals capable of producing heterologous antibodies and transgenic non- 
human animals having inactivated endogenous immunoglobulin genes. In one aspect of the invention, endogenous immunoglob- 
ulin genes are suppresed by antisense polynucleotides and/or by antiserum directed against endogenous immunoglobulins. He- 
terologous antibodies are encoded by immunoglobulin genes not normally found in the genome of that species of non-human 
animal. In one aspect of the invention, one or more transgenes containing sequences of unrearranged heterogolous human inunu- 
noglobulin heavy chams are introduced into a non-human animal thereby forming a transgenic animal capable of functionally 
rearranging transgenic immunoglobulin sequences and producing a repertoire of antibodies of various isotypes encoded by hu- 
man immunoglobulin genes. Such heterologous human antibodies are produced in B-cells which are thereafter immortalized, e.g., 
by fusing with an immortalizing cell line such as a myeloma or by manipulating such B-cells by other techniques to perpetuate a 
cell line capable of produdng a monoclonal heterologous antibody. The invention also relates to heavy and light chain inununog- 
lobulin transgenes for making such transgenic non-human animals as well as methods and vectors for disrupting endogenous im- 
munoglobulin lod in the transgenic animal. 
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Itansgenic non-human animals capable of producing heterologous antibodies 

TECHNICAL FIELD 
The invention relates to transgenic nbn-human 
animals capable of producing heterologous antibodies, 
transgenes used to produce such transgenic animals, 
transgenes capable of functionally rearranging a heterologous 
D gene in V-D-J recombination, immortalized B-cells capable of 
producing heterologous antibodies, methods and transgenes for 
producing heterologous antibodies of multiple isotypes, 
methods and transgenes for inactivating or suppressing 
expression of endogenous immunoglobulin loci, methods and 
transgenes for producing heterologous antibodies wherein a 
variable region sequence comprises somatic mutation as 
compared to germline rearranged variable region sequences, and 
transgenic nonhuman animals which produce antibodies having a 
human primary sequence and which bind to human antigens. 



BACKGROUND OF THE INVENTION 
One of the major impediments facing the development 
of in vivo therapeutic and diagnostic applications for 
monoclonal antibodies in humans is the intrinsic 
iamunogenicity of non-human immunoglobulins. For example, when 
.immunocompetent human patients are administered therapeutic 
doses of rodent monoclonal antibodies, the patients produce 
antibodies against the rodent immunoglobulin sequences; these 
human anti-mousfe antibodies (KAMA) neutralize the therapeutic 
antibodies and can cause acute toxicity. Hence, it is 
desirable t produce human immunoglobulins that are reactive 
with specific human antigens that are promising th rapeutic 
and/ r diagnostic targets. However, producing human 
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l„u„o,lobulins that .ina specif ically -^ith hu^n antigens is 
problematxc^^ present technology for generating monoclonal 

antibodies involves pre-e:cposing, or ^-^f t",^^^',^ 
5 (usually a rat or mouse) with antigen, harvesting B cells fro 
J, jr ,4.i„„ a library of hybridoma clones. By 

that animal, and generating a library oi y 
screening a hybridoma population for- antigen binding 
sp""Llty (Liotyp^) and also screening for immunog obulin 
clllf tisoty^e, , it is possible to select hybridoma clones 
10 that secrete the desired antibody. 

However, when present methods for generating 

monoclonal antibodies are applied for '^^^'^^^IcZioi^ies 
generating human antibodies that have binding specificities 
generai^xng „v,taininci B-lvmphocytes which produce 

for human antigens, obtaining a iymp j „4n 
i«>,„nns a serious obstacle, since humans will 
15 human immunoglobulins a serious ^ ^^.^ antiaens 

typically not make immune responses against self -antigens . 

Hence, present methods of generating human 
monoclonal antibodies that are specifically --^t!:"'!^ 
human antigens are clearly insufficient. It - -i^^^^^^^ 
20 the same limitations on generating monoclonal ^^ f^^^^ ^l^^^ 
authentic self antigens apply where non-human species are 
as the source of B-cells for making the hybridoma. 

The construction of transgenic animals harboring a 
functional heterologous i:nmunoglobulin transgene are a method 
25 by Which antibodies reactive with self antigens may be 
produced. However, in order to obtain expression of 
^i,«-«neuticallY useful antibodies, or hybridoma clones 
^."s^^ antibodies, the transgenic --P^-- 
lansgenL B cells that are capable of maturing the B 

, 4. _.n«,.v such maturation requires the 
30 lymphooyte development pathway, such mat 

•presence of surface lg» on the transgenic B '^^^■^27. 
Ltypes ether than IgH are desired for therapeutic uses. . 
Lrthere is a need for transgenes and animal, harboring 
such transgenes that are able to undergo functional V-D-J 
3S r arrangement to generate recombinational div ,sxty ^ , 
Junctional diversity. Further, such transgen s and transgenic 
ani..«ls preferably Include ois-acting sequences that 
facilitate iso^e switching from a first isotype that is 
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required for B cell maturation to a subsequent • isotype that 
has superior therapeutic utility. 

■ A number of experiments have reported the use of 
transfected cell lines to determine the specific DNA sequences 
required for Ig gene rearrangement (reviewed by Lewis and 
Gellert (1989), Ceil, 59, 585-588). Such reports have 
identified putative sequences and concluded that the 
accessibility of these sequences to the recombinase enzymes 
used for rearrangement is modulated by transcription 
(Yancopoulos and Alt (1985), cell, 40, 271-281). The 
sequences for V(D)J joining are reportedly a highly conserved, 
near-palindromic heptamer and a less well conserved AT-rich 
nanomL separated by a spacer of either 12 or 23 bp (Tonegawa 
(1983), lia^, 102, 57.5-581; Hesse, et al. (1989) , Ggn^ 
Dev. . 1, 1053-1061) . Efficient recombination reportedly 
occurs only between sites containing recombination signal 
sequences with different length spacer regions. 

ig gene rearrangement, though studied in tissue 
culture cells, has not been extensively examined in transgenic 
mice, only a handful of reports have been published 
describing rearrangement test constructs introduced into mice 
[Buchini, et al. (1987), ^a^. 221, 409-411 (unrearranged 
chicken X transgene); Goodhart, et al. (1987) , ^rpc. Nat^. 

finl. USA . MV 4229-4233) (unrearranged rabbit k gene) ; 
and Bruggemann, et al. (1989), Prnr, N^tl ftn.d. Sc^. USft , 
6709-6713 (hybrid mouse-human heavy chain) ] . The results of 
such experiments, however, have been variable, in some cases, 
producing incomplete or minimal rearrangement of the 
transgene. 

Further, a variety of biological functions of 
antibody molecules are exerted by the Fc portion of molecules, 
such as the interaction with mast cells or basophils through 
Fee, and binding of complement by Fc^ or Fct, it further is 
desirable to generate a functional diversity of antibodies of 
a given sp cif icity by variation of isotyp . 

Although transgenic animals have b n generated that 
incorp rate transgenes encoding one or more chains f a 
h terologous antibody, there have been no reports of 
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heterologous transgenes that undergo successful asotype 
switching. Transgenic animals that cannot switch isotypes are 
limited to producing haterologous antibodies of a single 
isotype, and more spec.fically are limited to producing an 
isotype that is essential for B cell maturation, such as IgM 
and possibly IgD, which may be of limited therapeutic utility. 
Thus, there is a need for heterologous immunoglobulin 
transgenes and transgenic animals that are capable of 
switching from an isotype needed for B cell development to an 
isotype that has a desired characteristic for therapeutic use. 

Based on the foregoing, it is clear that a need 
exists for methods of efficiently producing heterologous 
antibodies, e.g. antibodies encoded by genetic sequences of a 
first species that are produced in a second species. More 
particularly, there is a need in the art for heterologous 
immunoglobulin transgenes and transgenic animals that are 
capable of undergoing functional V-D-J gene rearrangement that 
incorporates all or a portion of a D gene segment which 
contributes to recombinational diversity. Further, there is a 
need in the art for transgenes and transgenic animals that can 
support V-D-J recombination and isp;type switching so that (1) 
functional B cell development may occur, and (2) 
therapeutically useful heterologous antibodies may be 
produced. There is also a need for a source of B cells which 
can be used to make hybridomas that produce monoclonal 
antibodies for therapeutic or diagnostic use in the particular 
species for which they are designed. A heterologous 
immunoglobulin transgene capable of functional V-D-J 
recombination and/or capable of isotype switching could 

fulfill these needs. 

in accordance with the foregoing object transgenic 
nonhuman animals are provided which are capable of producing a 
heterologous antibody, such as a human antibody. 

Further, it is an object to provide B-cells from 
such transgenic animals which are capable of expr ssing 
heterol gcus antibodies wher in such B-cells are immortalized 
to pr vide a source of a monoclonal antibody sp cific for a 
particular antigen. 
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In accordance with this foregoing object, it is a 
further object of the invention to provide hybridoma cells 
that are capable of producing such heterologous monoclonal 

antibodies . . 

Still further, it is an object herein to provide 
heterologous unrearranged and rearranged iMnunoglobulin heavy 
and light chain transgenes useful for producing the 
aforementioned non-human transgenic animals. 

Still further, it is an object herein to provide 
methods to disrupt endogenous immunoglobulin loci in the 

transgenic animals. 

Still further, it is an object herein to provide 
methods to induce heterologous antibody production in the 
aforementioned transgenic non-human animal. 

A further object of the invention is to provide 
methods to generate an immunoglobulin variable region gene 
segment repertoire that is used to construct one or more 
transgenes of the invention. 

The references discussed herein are provided solely 
for their disclosure prior to the filing date of the present 
application. Nothing herein is to be construed as an 
admission that the inventors are not entitled to' antedate such 
disclosure by virtue of prior invention. 



25 

SUMMARY OP THE INVENTION 
Transgenic nonhuman animals are provided which are 
capable of producing a heterologous antibody, such as a human 
antibody. Such heterologous antibodies may be of various 
30 isotypes, including: igGl, IgG2, lgG3, lgG4, IgM, igAi, IgA2, 
IgAeecr IgD, of IgE. In order for .such transgenic nonhuman 
aniTals to make an immune response, it is necessary for the 
transgenic B cells and pre-B cells to produce surface-bound 
immunoglobulin, particularly of the IgM (or possibly IgD) 
35 isotype, in order to effectuate B cell development and 

antigen-stimulated maturation. Such expression of an IgM (or 
' IgD) surface-bound immunoglobulin is only required during the 
antigen-stijnulat d maturation phase of B cell devel pment, and 
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^ture B cells may produce other isorypes, although only a 
single switched isotype may be produced at a txme. 

Typically, a cell of the B-cell lineage will produce 
only a single isotype at a time, although cis °- ^rans 

5 altLative RNA splicing, such as occurs naturally wxth the Ms 
(secreted m) and m„ (membrane-bound ,) forms, and the ^ and 
i^n^unoglobulin chains, may lead to the contemporaneous 
expression of multiple isotypes by a single cell. Therefore, 
in order to produce heterologous antibodies of multxple 

LO isotypes, specifically the therapeutically useful igG lgA, 
and IgE isotypes, it is necessary that isotype swxtchxng 
occur, such isotype switching may be classical class- 
switching or may result fromone or more non-classxcal xsotype 

switching mechanisms. , ^ i • 

15 • The invention provides heterologous immunoglobulxn 

transgenes and transgenic nonhuman animals harboring such 
transgenes, wherein the transgenic animal is capable of 
producing heterologous antibodies of multiple isotypes by 
■ undergoing isotype switching. Classical isotype swxtchxng 
20 occurs by recombination events which involve at least one 
^ switch sequence region in the .transgene. Non-classxcal 
isotype switching may occur by, for example, homologous 
recombination between human and human sequences (5- 
associated deletion) . Alternative non-classical switching 
25 mechanisms, such as intertransgene and/or interchromosomal 
recombination, among others, may occur and effectuate xsotype 
switching, such transgenes and transgenic nonhuman anxmals 
produce a first immunoglobulin isotype that is necessary for 
antigen-stimulated B cell maturation and can switch to encode 
30 and produce one or more subsequent heterologous xsotypes that 
have therapeutic and/or diagnostic utility. Transgenic 
nonhuman animals of the invention are thus able to produce, xn 
one embodiment, igG, IgA, and/or igE antibodies that are 
. encoded by human immunoglobulin genetic sequences and whxch 
35 also bind specific human antigens with high aff inxty. 

Th invention also encompasses B-cells from such 
transgenic animals that are capable of expressing heterologous 
antibodi s of various isotypes, wherein such B-c lis are 
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immortalized to provide a source of a monoclonal antibody 
specific for a particular antigen. Hybridoma cells that are 
derived from such B-cells can serve as one source of such 
heterologous monoclonal antibodies. 
5 The invention provides heterologous unrearranged and 

rearranged immunoglobulin heavy and light chain transgenes 
capable of undergoing isotype switching in vivo in the 
aforementioned non-human transgenic animals or in explanted 
lymphocytes of the B-cell lineage from such transgenic 
10 animals. Such isotype switching may occur spontaneously or be 
induced by treatment of the transgenic animal or explanted B- 
lineage lymphocytes with agents that promote isotype 
switching, such as T-cell-derived lymphokines (e.g., IL-4 and 



IFN^j. 



15 Still further, the invention includes methods to 

induce heterologous antibody production in the aforementioned 
transgenic non-human animal, wherein such antibodies may be of 
various isotypes. These methods include producing an antigen- 
stimulated immune response in a transgenic nonhuman animal for 
20 the generation of heterologous antibodies, particularly 

heterologous antibodies of a switched isotyije (i.e., IgG, IgA, 
and IgE) . 

This invention provides methods whereby the 
transgene contains sequences that effectuate isotype 
25 switching, so that the heterologous immunoglobulins produced 
in the transgenic animal and monoclonal antibody clones 
derived from the B-cells of said animal may be of various 
isotypes. . 

This invention further provides methods that 
30 facilitate isotype switching of the tremsgene, so that 

. switching between particular isotypes may occur at much higher 
or lower frequencies or in different temporal orders than 
typically occurs in germline immunoglobulin loci. Switch 
regions may be grafted from various Ch genes and ligated to 
35 other Cg genes in a transgene construct; such grafted switch 
sequences will typically function independently of the 
associat d Cg g ne so that switching in the transg ne 
construct will typically be a function of the origin of the 
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rn-o-rnativelv, or ir> combination 
associated switch ^^--^^^f^^ft^ de^lon sciences ^ 
„ith switch sequences. '---^^^^ „on-classical switching 

'^'^ZrVZ::.^^o .o.e .e^enti, than occurs when 
constructs and methods for proaucx y 

const^cts, so.e c. which ^^ons, . 

j^cglobttlih loci sequences (which may ^'"=^"° 
The invention includes a specific method for ^---^^^^^ 
Ton^ and construction of ^^^rx 

rthod e.-- — -rr'fr^tt" 

r;rri:rL::::L:S.:tir:f restriction fra^ents ^ a. 

« «-F the invention include a heavy 
The transgenes of tne inve«uj.«* 

Chain tranT^e co»Ui". — ^ 'Toi:"i:,Tr 
,ene segment, on. diversity gene segment, one joining gen. 
segment »d on. =onst«>t region gene segm«t The 
i^oglohulih light Chain tra^g-e ^ 

least one varia.1. gen. segm^, "'^.r^r.Igments encoding 
on. constant region g«.. s.gment. "^J" to 

th. light and heavy chain Z^TLI^ from, 

th. transg«.ic non-human animal in 

«r correspond to, encoding ' 
Cham gene segments from a sp«=ies not '°^^^^^;lZtLo.. 
' — = — s^n^d ^r^arthTii:^:ual g ne 
rU^r u::e^: i.e., not rearranged so^ to 
L^. a fm>=tlonal immunoglohulin light or heavy chain. Such 
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unrearranged transgenes permit recoinbination of .the gene 
segments (functional r arrangement) and expression of the 
resultant rearranged immunoglobulin heavy and/or light chains 
within the transgenic non-human animal when said animal is 

5 exposed to antigen. 

in one aspect of the invention, heterologous heavy 
and light immunoglobulin transgenes comprise relatively large 
fragments of unrearranged heterologous DNA. Such fragments 
typically comprise a substantial portion of the C, J (and in 
10 the case of heavy chain, D) segments from a heterologous 
immunoglobulin locus. In addition, such fragments also 
comprise a substantial portion of the variable gene segments. 

In one embodiment, such transgene constructs 
comprise regulatory sequences, e.g. promoters, enhancers, 
15 class switch regions, recombination signals and the like, 

corresponding to sequences derived from the heterologous DNA. 
Alternatively, such regulatory sequences may be incorporated 
into the transgene from the same or a related species of the 
non-human animal used in the invention. For example, human 
immunoglobulin gene segments may be combined in a transgene 
with a rodent immunoglobulin enhancer sequence for use in a 

transgenic mouse. 

In a method of the invention, a transgenic non-human 
animal containing germline unrearranged light and heavy 
25 immunoglobulin transgenes - that undergo VDJ joining during 
D-cell differentiation - is contacted with an antigen to 
induce production of a heterologous antibody in a secondary 

repertoire B-cell. 

Also included in the invention are vectors and 

30 methods to disrupt the endogenous immunoglobulin loci in the 
non-human animal to be used in the invention. Such vectors 
and methods utilize a transgene, preferably positive-negative 
selection vector, which is constructed such that it targets 
the functional disruption of a class of gene segments encoding 

35 a heavy and/ or light immunoglobulin chain endogenous to the 
non-human animal used in the invention. Such endogenous gene 
s gments include diversity, joining and constant region gene 
s gm nts. in this aspect of the invention, the 



20 
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positive-negative selecti n vector is 

on. embryonic stem cell of a non-hu.an — . 

cells are select«L wherein the positive-negative -1-"- 

"ctor has integrated into the genome of the non-h^an animal 

^ way Of homologous recombination. 

t^e resultant transgenic non-human animal is substantially 
incapable of mounting an "globulin-mediated immune 

^sponse as a result c£ homologous integration of the vector 
int^ Chromosomal DNA. Such immune deficient non-human a^^als 
™v thereafter be used for study of immune deficiencies or 
::LT^e «cipient of heterologous immunoglobulin heavy and 

light ..«ors, methods, and 

compositions useful for suppressing the expression of one or 
IITspecies Of immunoglobulin chain<s,, without ^^-^J' 
Loga^ous immunoglobulin locus, such methods are useful for 
suppressing expression of one or more endogenous 
im^Loglobulin chains while permitting the 
or more transgene-encoded immunoglobulin chains. Dnllke 
genetic disruption of an endogenous immunoglobulin chain 
Lcus, suppression of immunoglobulin chain ^^^^^ 
regulre the time-consuming breeding that is needed toM 
establish transg«ac animals homozygous for a disrupted 
.:::^enous ig loo^. - additional advantage -P""-"" 
as compared to engognous Ig gene disruption is that in 
certain embodiments, chain suppression is reversible within an 
individual animal. For example, Ig chain suppression may be 
accomplished with: (1) transgenes encoding and ^^^'■'^ 
entisLe RNA that specifically hybridi.es to ^ ^"^^ « 
chain gene sequence, (2) antisense oligonucleotides that 
specifically hybridize to. an endogenous Ig chain gene 
elquence, «.d (3) immunoglobulins that bind specifically to an 
endogenous Ig chain polypeptide. 

The references discussed herein are provided solely 
for their disclosure prior to the filing date of the present 
application. Nothing herein is to be constru d as an 
aLssion that the inventors are not entitled to ant«.ate such 
disci sure by virtue of prior invention. 
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BRIEF DESCRIPTION OF THE FIGURES 
Fig. 1 depicts the complementarity determining 
regions CDRl, CDR2 and CDR3 and framework regions FRl, FR2, 
5 FR3 and FR4 in unrearranged genomic DNA and mRNA expressed 
from a rearranged immunoglobulin heavy chain gene. 
Fig. 2 depicts the human X chain locus, 
Fig. 3 depicts. the human k chain locus, 
Fig. 4 depicts the human heavy chain locus, 
Lo Fig. 5 depicts a transgene construct containing a 

rearranged IgM gene ligated to a 25 kb fragment that contains 
human 73 and 7I constant regions followed by a 700. bp fragment 
containing the rat chain 3' enhancer sequence. 

Fig. 6 is a restriction map of the human k chain 
15 locus depicting the fragments to be used to form a light chain 
transgene by way of in yivo homologous recombination. 
Fig. 7 depicts the construction of pGPl. 
Fig. 8 depicts the construction of the polylinker 

contained in pGPl. 

Fig. 9 depicts the fragments used to construct a 

human heavy chain transgene of the invention. 
" Fig. 10 depicts the construction of pHIGl and pCONl. 

Fig. 11 depicts the human C7I fragments which are 
inserted into pRE3 (rat enhancer 3') to form pREG2. 

Fig. 12 depicts the construction of pHIG3' and PCON. 
Fig. 13 depicts the fragment containing human D 
region segments used in construction of the transgenes of the 
invention. 

Fig. 14 depicts the construction of pHIG2 (D segment. 

30 containing plasmid) . 

Fig. 15 depicts the fragments covering the human Jk 
■ and' human CK gene segments used in constructing a transgene of 

the invention. 

Fig. 16 depicts the structure of pEM- 
35 Fig. 17 depicts the construction of pKapH. 

Figs. 18A through 18D depict the construction of a. 
positive-negative selection vector for functionally disrupting 
the end gen us h avy chain immunoglobulin locus of mouse. 



20 
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heavy chain targeting vector. 

Fig. 22 depicts the map of vector pGPe. 
Fig. 23 depicts the structure of vector pJH2. 
Fig. 24 depicts the structure of vector PCORl- 
IZ. 25 depicts the transgene constructs for pIGMl, 

pHCl and pHC2. 

Fig. 26 depicts the structure of P7e2- 

Fig. 27 depicts the structure of pVGEl. 

15 - Fig. 28 depicts the assay results of human Ig 

expression in a pHCl transgenic mouse. 

Fig. 29 depicts the structure of pJCKl. 

Fig. 30 depicts the construction of a synthetic 

heavy chain variable region. ^.>,^,heaw 
20 Fig. 31 is a schematic representation of the^heavy 

chain minilocus^ constructs pIG«,, pHCl, --^J^^' 

Fig. 32 is a schematic representation of the neavy 
Chain minilocus construct pIGGl and the k light chain 

— rs:L"nstruct functional. 

rearranged light chain genes. 

Fig. 34 depicts serum ELISA results 

Fig. 35 depicts the results of an ELISA assay of 

serum from 8 transgenic mice. «i,„™4d 
30 Pig. 36 is a schematic representation of plasmid 

Fig. 37 depicts the immune response of transge^d 
^ce of the present invention against K^-DNP, ^--^^J^ 
IgG and IgM levels specific for mi-DNP (37A) , Klfl (37B) and 

35 BSA-DNP (37C) . ^ 4.4„„ the ores nee 

Fig. 38 shows ELISA data demonstrating the. pres nc 

t antibodies that bind human carcinoembryonic antigen CEA) 

and c mprise human m chains; each panel shows reciprocal 
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serial dilutions from pooled serum samples obtained from mice 
on the indicated day following immunization. 

Fig. 39 shows ELISA data demonstrating the presence 
of antibodies that bind human carcinoembryonic antigen (CEA) 
and comprise human 7 chains; each panel shows reciprocal 
serial dilutions from pooled serum samples obtained from mice 
on the indicated day following immunization. 

Fig. 40 shows aligned variable region sequences of 
23 randomly-chosen cDNAs generated from mRNA obtained from 
lymphoid tissue of HCl transgenic mice immunized, with human 
carcinoembryonic antigen (CEA) as compared to the germline 
transgene sequence (top line) ; on each line nucleotide changes 
relative to germline sequence are shown above the alteration 
in deduced amino acid sequence (if any) ; the regions 
L5 corresponding to heavy chain CDRl, CDR2, and CDR3 are 

indicated. Non-germline encoded nucleotides are shown in 
capital letters. Germline Vh251 and Jh are shown in lower case 
letters. Deduced amino acid changes are given beneath 
nucleotide sequences using th conventional single-letter 
20 notation. 

Fig. 41 shows the data from Fig. 40 in histogram 
format? deduced amino acid residue position is shown as the 
ordinate (left is the amino-terminal direction, right is in 
the direction towards the car boxy-terminus) and frequency of 
25 sequence variation is shown as the abscissa. 

Fig.. 42 show the nucleotide sequence of a human DNA 
fragment, designated vk65.3, containing a gene segment; the 
deduced amino acid sequences of the coding regions are also 
shown; splicing and recombination signal sequences 
30 (hep tamer /nonamer) are shown boxed. 

Fig. 43 show the nucleotide sequence of a human DNA 
fragment," designated vk65.5', containing a gene segment; the 
deduced amino acid sequences of the coding regions are also 
shown; splicing and recombination signal sequences 
35 (heptamer/n namer) are shown boxed. 

Fig. 44 show the nucleotide sequence of a human DNA 
fragment, designated vk65 . 8 , containing a gene segment; the 
deduc d amino acid sequences of the coding regions are also 
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Shown, splicing and recc-^ination signal sequences 
'^-"""Tir^'s- S: — - se^ence o« a .^jn. 

the deduced amino acid sequences of the V. co g ^ 
Sso sho™, splicing and recomhination signal sequences 

(heptamer/nonaner, are ■ ^^ocus 

Fig. 46 shows formation of a lignv 
hy homologous recombination between two overlapping fragments 

Which were co-injected. „«^„^ „GPe 

Table 1 depicts the sequence of vector pGPe. 
Table 2 depicts the sequence of gene Vh4..8. 
Table 3 depicts the detection of human igM and igG 
in the serum of transgenic mice of this invention. 
- Table 4 depicts sequences of VDJ Domts. 

Table 5 depicts the distribution of J segments 
incorporated into pHCl transgene encoded transcripts to J 
se^fnts found in adult human peripheral blood lymphocytes 

^^^""^ * Table 6 depicts the distribution of D segments 

^nto oHCl transgene encoded transcripts to D 
re:rjrund"':: SSt numa^ peripheral hlo. ^^o^^ 

■ Table 7 depicts the length =f the CD«3 peptides from 
transcripts with in-frame voa joints in the pHCX transgenic 

mouse and in human PBL. «omiences 
Table 8 depicts the predicted amino acid sequences 

Of the VDJ regions from 30 clones analyzed from a pHCl 
transgenic ^ ^^^^^ ^^^^^^^^ ^^^^ ,ere 

..ed in t,, indicated ^^^^ ^^J^::^ Z 
of the respective transgene, (++) ir. icates 
homozygous for the JhD knockout transgene. 

DETAILED DESCRIPTION 
AS has been discussed supra, it is desirable to ^ 
produce human immunoglobulins that are reactive with specific 
human antigens that ar promising therapeutic and/or 
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diagnostic targets. However, producing human inununoglobulins 
that bind specifically with human antigens is problematic. 

First, the immunized animal that serves as the 
source of B cells must make an immune response against the 
5 presented antigen. In order for an animal to make an immune 
response, the antigen presented must be foreign and the animal 
must not be tolerant to the antigen. Thus, for example, if it 
is desired to produce a human monoclonal antibody with an 
idiotype that binds to a human protein, self -tolerance will 
10 prevent an immunized human from making a substantial immune 
response to the human protein, since the only epitopes of the 
antigen that may be immunogenic will be those that result from 
polymorphism of the protein within the human population 
(allogeneic epitopes) . 
15 Second, if the animal that serves as the source of 

B-cells for forming a hybridoma (a human in the illustrative 
given example) does make an immune response against an 
authentic self antigen, a severe autoimmune disease may result 
in the animal. Where humans would be used as a source of B- 
20 cells for a hybridoma, such autoimmunization would be 
considered unethical by contemporary standards. 

one methodology' that can be used to obtain human 
antibodies that are specifically reactive with human antigens 
is the production of a transgenic mouse harboring the human 
25 immunoglobulin transgene constructs of this invention. 

Briefly, transgenes containing all or portions of the human 
immunoglobulin heavy and light chain loci, or transgenes 
containing synthetic "miniloci" (described infra, and in 
PCT/US91/06185 filed August 28, 1991) which comprise essential 
30 functional elements of the human heavy and light chain loci, 
are employed to produce a transgenic nonhuman animal. Such a 
transgenic nonhiiman animal will have the capacity to produce 
immunoglobulin chains that are encoded by human immunoglobulin 
genes, and additionally will be capable of making an immune 
35 response against human antigens. Thus, such transgenic animals 
can serv as a source of immune sera reactive with specified 
human antigens, and B-cells from such transgenic animals can 
be fused with myeloma cells to produce hybridomas that secrete 
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monoclonal antibodies that are encoded by numan^l^unoglobul^ 
,enes and which are specifically reactive with hunan antxgens. 

The production of transgenic mice containing various 
forms of immunoglobulin genes has been reported previously. 
5 Rearranged mouse immunoglobulin heavy or light chain genes 
have been used to produce transgenic mice. In addition, 
functionally rearranged human Ig genes including the M or yl 
constant region have been expressed in transgenic mice. 
Howev«:, experiments in which the transgene comprises 

10 unrearranged CV-D-J or V-J not rearranged) immunoglobaUn 

genes hav! been variable, in some cases, producing l^c«pl^e 
or minimal rearrangement of the transgene. However, there are 
no published ^camples of either rearranged or unrearranged 
immunoglobulin transgenes which undergo successful isotype 

15 switching between Cg genes within a transgene. 



np>f^ini1:ions 



AS used herein, the term "antibody" refers to a 

20 glycoprotein comprising at least two light polypeptide chaxns 
Ld two heavy polypeptide Chains. Each of the heavy and Ixght 
polypeptide chains contains a variable region (generally the 
amino terminal portion of the polypeptide chain) whxch 
contains a binding domain which interacts with antxgen. Each 

25 of the heavy and light polypeptide chains also comprises a 
constant region of the polypeptide chains (^^--^^^^ 
carboxyl terminal portion) which may mediate the bindxng of 
the immunoglobulin to host tissues or factors including 
various cells of the immune system, some phagocytic cells and 

30 the first component (Clq) of the classical complement system 

AS used herein, a "heterologous antibody" xs defxned 
in relation ta the transgenic non-human organism producing 
such an antibody. It is defined as an antibody having an amino 
acid sequence or an encoding DNA sequence corresponding to 

35 that f und in an organism not consisting of the transgenic 

non-human coiimal. - ^ 

AS used herein, a "heterohybrid antibody" refers to 

an antibody having a light and heavy chains of different 
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organismal origins. For example, an antibody having a human 
heavy chain associated with a murine light chain is a 
heterohybrid antibody. 

As used herein, "isotype" refers to the antibody 
class (e.g., IgM or IgGj) that is encoded by heavy chain 
constant region genes. 

As used herein, "isotype switching" refers to the 
phenomenon by which the class, or isotype, of an antibody 
changes from one Ig class to one of the other Ig classes. 

AS used herein, "nonswitched isotype" refers to the 
isotypic class of heavy chain that is produced when no isotype 
switching has taken place; the Cjj gene encoding the 
nonswitched isotype is typically the first Ch gene immediately 
downstream from the functionally rearranged VDJ gene. 
15 As used herein, the term "switch sequence" refers to 

those DNA sequences responsible for switch recombination. A 
"switch donor" sequence, typically a n switch region, will be 
5' (i.e., upstream) of the construct region to be deleted 
during the switch recombination. The "switch acceptor" region 
20 will be between the construct region to be deleted and the 
replacement constant region (e.g., y, e, etc.). As there is 
no specific site where ' recombination always occurs, the .final 
gene sequence will typically not be predictable from the 
construct. 

25 As used herein, "glycosylation pattern" is defined 

as the pattern of carbohydrate units that are covalently 
attached to a protein, more specifically to an immunoglobulin 
protein. A glycosylation pattern of a heterologous antibody 
can be characterized as being substantially similar to 

30 glycosylation patterns which occur naturally on antibodies 
produced by the species of the nonhuman transgenic animal, 
when one of ordinary skill in the art- would recognize the 
glycosylation pattern of the heterologous antibody as being 
more similar to said pattern of glycosylation in the species 

35 of the nonhuman transgenic animal than to the species from 
which the Cg genes of the transgene were d rived. 

As used herein, "specific binding" ref rs to the 
pr perty f the antib dy: (1) to bind to a predetermined 
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antigen with an affinity of at least 1 x 10' VT^, and (2) to 
preferentially bind to the predetermined antigen with an 
affinity that is at least twc-fold greater than its affinity 
for binding to a non-specific antigen (e.g., BSA, casein) 
other than the predetermined antigen. 

The term "naturally-occurring" as used herein as 
applied to an object refers to the fact that an object can be 
found in nature. For example, a polypeptide or polynucleotide 
sequence that is present in an organism (including viruses) 
that can be isolated from a source in nature and which has not 
been intentionally modified by man in the laboratory is 
naturally-occurring. 

The term "rearranged" as used herein refers to a 
configuration of a heavy chain or light chain immunoglobulin 
15 locus wherein a V segment is positioned immediately adjacent 
to a D-J or J segment in a conformation encoding essentially a 
complete Vg or V^. domain, respectively. A rearranged 
immunoglobulin gene locus can be identified by comparison to 
germline DNA; a rearranged locus will have at least one 
20 recombined heptamer/nonamer homology element. 

The term "unrearranged" or "germline configuration" 
as used herein in reference to a V segment refers to the 
configuration wherein the V segment is not recombined so as to 
be immediately adjacent to a D or J segment. 



25 



Transgenic Nonhuman Animals Capable 
of Produeinq Heterologou s Antibodies 



The design of a transgenic non-human animal that 
30 responds to foreign antigen stimulation with a heterologous 
antibody repertoire, requires that the heterologous 
immunoglobulin transgenes contained within the transgenic 
animal function correctly throughout the pathway of B-cell 
development. In a preferred embodiment, correct function of a 
35 heterologous heavy chain transgene includes isotype switching. 
Accordingly, the transgenes of the invention are constructed 
so as to produce isotype switching and one or more of the 
following: (1) high level and cell-type specific expr ssion, 
(2) functional gene rearrangement, (3) activation of and 
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response to allelic exclusion, (4) expression of a sufficient 
primary repertoire, (5) signal transduction, (6) somatic 
hypermutation, and (7) domination of the transgene antibody 
locus during the immune response. 
5 As will be apparent from the following disclosure, 

not all of the foregoing criteria need be met. For example, in 
those embodiments wherein the endogenous immunoglobulin loci 
of the transgenic animal are functionally disrupted, the 
transgene need not activate allelic exclusion. Further, in 
10 those embodiments wherein the transgene comprises a 
functionally rearranged heavy and/ or light chain 
immunoglobulin gene, the second criteria of functional gene 
rearrangement is unnecessary, at least for that transgene 
which is already rearranged. For background on molecular 
15 immunology, see, Fundamenta l Tmmunoloav. 2nd edition (1989), 
Paul William E., ed. Raven Press, N.Y., which is incorporated 
herein by reference. 

In one aspect of the invention, transgenic non-human 
animals are provided that contain rearranged, unrearranged or 
20 a combination of rearranged and unrearranged heterologous 
immunoglobulin heavy and light chain transgenes in the 
germline of the t:ransgenic animal. Each of the heayy chain 
transgenes comprises at least one Cg gene. In addition, the 
heavy chain transgene may contain functional isotype switch 
25 sequences, which are capable of supporting isotype switching 
of a heterologous transgene encoding multiple Cj, genes in B- 
cells of the transgenic animal. Such switch sequences may be 
those which occiir naturally in the germline immunoglobulin 
locus from the species that serves as the source of the 
30 transgene Cg genes, or such switch sequences may be derived 
from those which occur in the species that is to receive the 
transgene construct (the transgeneic animal) . For example, a 
human tranisgene construct that is used to produce a transgenic 
mouse may produce a higher frequency of isotype switching 
35 events if it incorporates switch sequences similar to those 
that occur naturally in the mouse heavy chain locus, as 
presumably th mouse switch sequences are optimized to 
functi n with the mous switch recombinase enzyme system. 
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Whereas the huinan switch sequences are not. Switch sequences 
,.ade be isolated and cloned by conventional cloning meth ds, 
or may be synthesized de novo from overlapping syntherxc 
Oligonucleotides designed on the basis of published sequence 
information relating to innnunoglobulin switch region sequences 
(Mills et al., r--' 1817305-7316 (1991); 

Sideras et al., t..i . T^unol. i:631-642 (1989), which are 
incorporated herein by reference) . 

For each of the foregoing transgenic animals, 
functionally rearranged heterologous heavy and light chaxn 
i^ioaunoglobulin transgenes are found in a significant fraction 
of the B-cells of the transgenic animal (at least 10 percent) . 

The transgenes of the invention include a heavy 
Chain transgene comprising DNA encoding at least one varxable 
15 gene segment, one diversity gene segment, one joining gene 
segment and at least one constant region gene segment. The 
iBonunoglobulin light chain transgene comprises DNA encodxng at 
least one variable gene segment, one joining gene segment and 
at least one constant region gene segment. The gene segments 
encoding the light and heavy chain gene segments are 
heterologous to the transgenic non-human animal in that they 
are derived from, or correspond 'tlo, DNA encoding 
immunoglobulin heavy and light chain gene segments from a 
species not consisting of the transgenic non-human anxmal. In 
one aspect of the invention, the transgene is constructed such 
that the individual gene segments are unrearranged, i.e., not 
rearranged so as to encode a functional immunoglobulin light 
or heavy chain. Such unrearranged transgenes support 
recombination of the V, D, and J gene segments (functional 
rearrangement) and preferably support incorporation of all or 
a portion of a D region gene segment in the resultant 
rearranged immunoglobulin heavy chain within the transgenic 
non-human animal when exposed to antigen. 

in an alternate embodiment, the transgenes comprxse 
an unrearranged "mini-locus". Such transgenes typically 
comprise a substantial portion of the C, D, and J segments as 
well as a subset of the V gene segments. In such transg ne 
constructs, the various regulatory sequences, .g- promoters. 
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enhancers, class switch regions, splice-donor and splice- 
acceptor sequences for RNA processing, recombination signals 
and the like, comprise corresponding sequences derived from 
the heterologous DNA. Such regulatory sequences may be 
5 incorporated into the transgene from the same or a related 
species of the non-human animal used in the invention. For 
example, human immunoglobulin gene segments may be combined in 
a transgene with a rodent immunoglobulin enhancer sequence for 
use in a transgenic mouse. Alternatively, synthetic regulatory 

10 sequences may be incorporated into the transgene, wherein such 
synthetic regulatory sequences are not homologous to a 
functional DNA sequence that is known to occur naturally in 
the genomes of mammals. Synthetic regulatory sequences are 
designed according to consensus rules, such as, for example, 

15 those specifying the permissible sequences of a splice- 
acceptor site or a promoter /enhancer motif. 

The invention also includes transgenic animals 
containing germ line cells having a heavy and light transgene 
wherein one of the said transgenes contains rearranged gene 

20 segments with the other containing unrearranged gene segments. 
In the preferred embodiments, the rearranged transgene is a 
light chain' immunoglobulin transgene and the unrearranged 
transgene is a heavy chain immunoglobulin transgene. 

25 The Structure and Generat ion of Antibodies 

The basic structure of all immunoglobulins is based 
upon a unit consisting of two light polypeptide chains and two 
heavy polypeptide chains. Each light chain comprises two 

30 regions known as the variable light chain region and the 
constant light chain region. Similarly, the immunoglobulin 
heavy chain comprises two regions designated the variable 
heavy chain region and the constant heavy chain region. 

The constant region for the heavy or light chain is 

35 encod d by genomic sequences referred to as heavy or light 
constant r gion gene (Cg) segments. The use of a particular 
heavy chain gene segment defines the class of immunoglobulin. 
For example, in humans, the n constant region gene segm nts 
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define the IgM class of antibody whereas the use of a 7, 72. 
V3 or T4 constant region gene segment defines the IgG class of 
antibodies as well as the IgG subclasses igGl through IgG4. 
Similarly, the use of a a, or a, constant region gene segment 

5 defines the IgA class of antibodies as well as the subclasses 
IgAl and IgA2. The S and e- constant region gene segments 
define the IgD and igE antibodv classes, respectively. 

The variable regions of the heavy and light 
immunoglobulin chains together contain the antigen binding 

LO domain Of the antibody. Because of the need for diversity xn 
this region of the antibody to permit binding to a wide range 
of antigens, the DNA encoding the initial or primary 
repertoire variable region comprises a number of different DNA 
segments derived from families of specific variable region 

15 gene segments. In the case of the light chain variable 

region, such families comprise variable (V) gene segments and 
joining CD gene segments. Thus, the initial variable region 
of the light chain is encoded by one V gene segment and one J 
gene segment each selected from the family of V and J gene 

20 segments contained in the genomic DNA of the organism. In the 
case Of the heavy chain variable region, the DNA encoding the 
initial or primary repertoi'^e variable region of the heavy > s 
chain comprises one heavy chain V gene segment, one heavy 
chain diversity (D) gene segment and one J gene segment, each 

25 selected from the appropriate V, D and J families of 
immunoglobulin gene segments in genomic DNA. 

In order to increase the diversity of sequences that 
contribute to forming antibody binding sites, it is preferable 
that a heavy chain transgene include cis-acting sequences that 

30 support functional V-D-J rearrangement that can incorporate 
all or part of a D region gene sequence in a rearranged V-D-J 
gene sequence. Typically, at least about l percent of 
expressed transgene-encoded heavy chains (or mBNAsT include 
recognizable D region sequences in the V region. Preferably, 

35 at least about 10 p rcent of transgene-encoded V regions 
include r cognizable D region sequences, more preferably at 
least ab ut 30 percent, and most preferably more than 50 
percent include recognizable D region sequenc s. 
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A recognizable D region sequence is generally at 
least about eight consecutive nucleotides corresponding to a 
sequence present in a D region gene segment of a heavy chain 
transgene and/or the amino acid sequence encoded by such D 
region nucleotide sequence. For example, if a transgene 
includes the D region gene DHQ52, a transgene-encoded mRNA 
containing the sequence 5 -TAACTGGG-3 • located in the V region 
between a V gene segment sequence and a J gene segment 
sequence is recognizable as containing a D region sequence, 
specifically a DHQ52 sequence. Similarly, for example, if a 
transgene includes the D region gene DHQ52, a transgene- 
encoded heavy chain polypeptide containing the ammo acid 
sequence -DAF- located in the V region between a V gene 
segment amino acid sequence and a J gene segment amino acid 
sequence is recognizable as containing a D region sequence, 
specifically a DHQ52 sequence. 

However, because of somatic mutation and N-region 
addition, some D region sequences may be recognizable but may 
not correspond identically to a consecutive D region sequence 
in the transgene. For example, a nucleotide sequence 5'- 
CTAAXTGGGG-3', where X is A, T, or G, and which is located m 
a heavy' chain V region and flanked by a V ^region gene sequence 
and a J region gene sequence, can be recognized as 
corresponding to the DHQ52 sequence 5 • -CTAACTGGG-3 • . 
25 Similarly, for example, the polypeptide sequences -DAFDI-, 
-DYFDY-, or -GAFDI- located in a V region and flanked on the 
amino-terminal side by an amino acid sequence encoded by a 
transgene V gene sequence and flanked on the carboxytermmal 
side by an amino acid sequence encoded by a transgene J gene 
30 sequence is recognizable as a D region sequence. 

Therefore, because somatic mutation and N-region 
addition can produce mutations in sequences derived from a 
transgene D region, the following definition is provided as a 
guide for determining the presence of a recognizable D region 
35 sequ nee. An amino acid sequence or nucleotide sequence is 
r cognizable as a D r gion sequence if: (D the sequence is 
located in a V region and is flanked on one side by a V gene 
sequence (nucleotid s quence or deduced amino acid sequence) 
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^ other side by a J gene sequence (nucjLeotide 

LnLxly identical or su.s«ntiaUy 
D gane se=p.en=e (nuclaotida saquenca or encoded amino acid 

S se^ence, .^^ ^ „^^^^„,,,, ^^^1,^,. as used herein 

aenotes a characteristic of a polypeptide " 
acid sequence, wherein the polypeptide sequence has at least 
50 P^t se;uence identity compared to a reference sequence, 
XO L ZZo^^Tc acid essence has at least ,0 percent sequence 
Wentity compared to a reference sequence. The percentage of 
Te^l: identity is calculated 

additions Which total less than 35 percent of the reference 
s«nence. The reference sequence may he a suhset of a larger 
.5 e^ence, such as an entire 0 gene, 

sequence is at least 8 nucleotides long in the case of 
poSnucleotides, and at least 3 amino residues 
casfof a polypeptide. Typically, the "^-^-^^^^.^ 
at least 8 to 12 nucleotides or at least 3 to 4 amino acids, 
,0 1 preferably the reference sequence is 12 to X5 nucleotides 
or more, or at least 5 amino acids. 

The term "subitantial similarity" denotes a , , 
Characteristic of an polypeptide sequence, wherein the 
polypeptide sequence has at least 80 percent -"-^-^^^ " » 
25 ref^ence sequence. The percentage of sequence similarity is 
calculated by scoring identical amino acids or positional 
conservative amino acid substitutions as similar. * 
positional conservative amino acid substitution is one that 
can result from a single nucleotide substitution; a fi«t 
30 amino acid is replaced by a second amino acid where ajodon^ 
for the first amino acid and. a codon for the second amino acid 
can differ by a single nucleotide 
«„mpl., the .e,ue.ce -Lys-Glu-Arg-Val- is 
similar to the sequence -Asn-Asp-Ser-Val-, since 
• 35 sequence -AAA-OAA-AGX-SUU- can be mutated to -«C-S*C-AGC-GUU- 
by introducing only 3 substitution mutations, single 
icleotide substitutions in thr e of the four original codons. 
The reference sequence may be a subset of a larger sequence. 
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such as an entire D gene; however, the reference sequence xs 
at least 4 amino residues long. Typically, the reference 
sequence is at least 5 amino acids, and preferably the 
reference sequence is 6 amino acids or more. 

5 

ThP Primary P epertoire 

The process for generating DNA encoding the heavy 
and light chain immunoglobulin genes occurs primarily in 
LO developing B-cells. Prior to the joining of various 

immunoglobulin gene segments, the V, D, J and constant (C) 
gene segments are found, for the most part, in clusters of V, 
D, J and C gene segments in the precursors of primary 
repertoire B-cells. Generally, all of the gene segments for a 
L5 heavy or light chain are located in relatively close proximity 
on a single chromosome. Such genomic DNA prior to 
recombination of the various immunoglobulin gene segments is 
referred to herein as "unrearranged" genomic DNA. During 
B-cell differentiation, one of each of the appropriate family 
20 members of the ,V, D, J (or only V and J in the case of light 

chain genes) gene segments are recombined to form functionally 
' ■ rearranged heavy and light immunoglobulin genes. Such 

functional rearrangement is of the variable region segments to 
form DNA encoding a functional variable region. This gene 
25 segment rearrangement process appears to be sequential. 

First, heavy chain D-to-J joints are made, followed by heavy 
chain V-to-DJ joints and light chain V-to-J joints. The DNA 
encoding this initial form of a functional variable region in 
a light and/or heavy chain is referred to as "functionally 
30 rearranged DNA" or "rearranged DNA". In the case of the heavy 
chain, such DNA is referred to as "rearranged heavy chain DNA" 
and in the case of the light chain, such DNA is referred to as 
"rearranged light chain DNA". Similar language is used to 
describe the functional rearrangement of the transgenes of the 
35 invention. 

The recombination of variable region gene segments 
to fora functional heavy and light chain variable regions is 
mediated by recombination signal sequences (RSS's) that flank 
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v,in«tionallY competent V, D and J segments. RSS's 
recombinatxonaliy comp recombination, comprise a 

necessary and suf f xcxent to ^-^^ J intervening 
.,ad-symmetric .ept^er n xc^^^ pairs. These signals 
spacer regxon of exther ° ^^.^^ 
5 are conserved among the different ioc 

,3.,-.S.3 ana T rana.=^e .oUowed a 

ccmpris.s the sequence C&CAGTG 

.0 spacer of unconserved "'^^^^^ are found 

sequence ^C^c or J^^, ^'^.^^ se^ent. 

on the J, or downstream s.de, 

B_ediately preceding the germlxne " /^^^^^ 

. ::=r:rrp::a:r:Tn'rn:er.ed.^^^^ 

Tepta^Lc and ncn»e- serene. ^o: 

=:s":rrrr — ^ce. .»een ^e 

heptameric and nonameric sequences are exther 12 P 

20 long or between 22 and 24 base ^ , 
in addition to the rearrangement of v, 

. ' ^ further diversity is generated in the prxmary 
segments, further axversn^y ^ chain by way of 

r^oertoire of immunoglobulin heavy and Ixght chaxn by y 
repertoxre oi. -d v and J segments xn the 

triable reco-^lnation between the V and J 5« 

light chain and between the D and J '.^:^:JJt -ration 
e^. such variable reco^inat.on xs generated^ 

• .,ra<=t nlace at which such segments are joinea. 

in the exact place ^^j^iiv occurs within the last 

variation in the light chain ^ , 

codon Of the V gene segment "*^^^^!'^^, ^. ^eavy 

30 segment. *-f"'="^"' '™aIL.ts and nay extend 

Chain Chromosome between the D and ^^-'^^ 
over as many as' 10 nucleotides. Furthermore 
nucleotides may he inserted between ^ - ^ 
U^e V, and . gene segments which ^"^^ ^ K-region 

35 DNA. The addition of these nucleotides is Kno 

diversity. ^ ^arrangement, transcription of 

the r arranged variable r gion and one or more constant region 
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gene segments aocated downstream from the rearranged variable 
region produces a primary RNA transcript which upon 
appropriate RNA splicing results in an mRNA which encodes a 
fuil length heavy or light immunoglobulin chain. Such heavy 

5 and light chains include a leader signal sequence to effect 
secretion through and/or insertion of the immunoglobulin into 
the transmembrane region of the B-cell. The DNA encoding, this 
signal sequence is contained within the first exon of the V 
segment used to form the variable region of the heavy or light 

0 immunoglobulin chain. Appropriate regulatory sequences are 
also present in the mRNA to control translation of the mRNA to 
produce the encoded heavy and light immunoglobulin 
polypeptides which upon proper association with each other 

form an antibody molecule. 

The net effect of such rearrangements in the 
variable region gene segments and the variable recombination 
which may occur during such joining, is the production of a 
primary antibody repertoire. Generally, each B-cell which has 
differentiated to this stage, produces a single primary 

20 repertoire antibody. During this differentiation process, 
cellular events occur which suppress the functional 
rearrangement of ^ gene segments other than those contained 
within the functionally rearranged Ig gene. The process by 
which diploid B-cells maintain such mono-specificity is termed 

25 allelic exclusion. 



yhe Secondary Re pertoire 

B-cell Clones expressing immunoglobulins from within 
30 the set of sequences comprising the primary repertoire are 

immediately available to respond to foreign antigens. Because 
• of the limited diversity generated by simple VJ and VDJ 
joining, the antibodies produced by the so-called primary 
response are of relatively low affinity. Two different types 
35 of B-cells make up this initial response: precursors of 
primary antibody- forming cells and precursors . of s condary 
repertoire B-cells (Linton et al., ggU Si: 1049-1059 (1989)). 
The first type of B-cell matures into igM-secreting plasma 
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The other B-cells 



30 



cells in response to certain antigens. The ^ 
respond to initial exposure to antigen by entering a T cell 

deoendent maturation pathway. 4.4„«„ 
During the T-cell dependent Maturation of antigen 

-i-Ho ei-ructiire of the antibody 
etimulated B-cell clones '""^ 

BOlecule on the cell surface changes in tvo y 

legion switches to a non-Ig« subtype and the seguen« of the^ 
liable region can be modified by multiple single amino acid 
variable tegi n„L„ affinity antibody molecule, 

substitutions to produce a higher affinity i 

AS previously indicated, each variable region of a 
heavy or light Ig chain contains an antigen binding domain. 
It tos been determined by amino acid and nucleic acid 
:,r^ci:g that somatic mutation during the secondary response 
occurs throughout the V region including 
complementary determining regions (CDRl, CD.^ ^"^ 
refLed to as hypervariable "^^-^^ ^ 

Department of Health and Human Services, «>=hin,ton DC 
incorporated herein by reference. The CDPl and CD^ 
located within the variable gene segment ^ 
largely the result of recombination between V and cr gen. 
^:;;ts or V. D and . gene segments. Those portions^ the 
variable region which do not consist of °>^^' 1^=^^ ^ 
co»only referred to as frameworlc regions ^' ^' 

FE3 and ra*. see Pig. I. During hypermutation the 
rearranged DKA is mutated to give rise to new clones with 
at™ig molecules. Those clones with higher affinities for 
1 foreil. antigen are selectively expanded W^elp- 
T-cells, giving rise to affinity maturation of the 
17^ CloLl selection typically results «pre^^on of 
Ines Ltaining new mutation within the CDRl = ^ 
• ™=ions However, nutations outside these regions also occur 
::rri;flu^ t;e specificity and affinity of the antigen 
binding domain. 
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Transgenic Non-Human Animals Capable 
rsf Produciriq Heter ologous Antibody — 

Transgenic non-human animals in one aspect of the 
5 invention are produced by introducing at least one of the 
immunoglobulin transgenes of the invention (discussed 
hereinafter) into a zygote or early embryo of a non-human 
animal. The non-human animals which are used in the invention 
generally comprise any mammal which is capable of rearranging 
0 immunoglobulin gene segments to produce a primary antibody 
response. Such nonhuman transgenic animals may include, for 
example, transgenic pigs, transgenic rats, transgenic rabbits, 
transgenic cattle, and other transgenic animal species, 
particularly mammalian species, known in the art. A 
5 particularly preferred non-human animal is the mouse or other 
members of the rodent family. 

However, the invention is not limited to the use of 
mice. Rather, any non-human mammal which is capable of 
mounting a primary and secondary antibody response may be 
>0 used, such animals include non-human primates, such as 

chimpanzee, bovine, ovine, and porcine species, other members 
Of the rodent family, e.g. rat, as well as rabbit and guinea 
pig. Particular preferred animals are mouse, rat, rabbit and 
guinea pig, most preferably mouse. 
25 In one embodiment of the invention, various gene 

segments from the human genome are used in heavy and light 
chain transgenes in an unrearranged form. In this embodiment, 
such transgenes are introduced into mice. The unrearranged 
gene segments of the light and/or heavy chain transgene have 
30 DNA sequences unique to the human species which are 

distinguishable from the endogenous immunoglobulin gene 
segments in the mouse genome. They may be readily detected m 
unrearranged form in the germ line and somatic cells not 
consisting of B-cells and in rearranged form in B-cells. 
35 : in an alternate embodiment of the invention, the 

transg n s comprise rearranged heavy and/or light 
immunoglobulin transgenes. Specific segments of such 
transgenes corresponding to functionally r arranged VDJ or VJ 
s gments, contain immunoglobulin DNA sequences which are also 
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clearly distinguishable from the endogenous immunoglobulin 
gene segments in the mouse. 

such differences in DNA sequence are also reflected 
in the amino acid seejuence encoded by such human 
5 immunoglobulin transgenes as compared to those encoded by 
mouse B-cells. Thus, human immunoglobulin amino acid 
sequences may be detected in the transgenic non-human animals 
of the invention with antibodies specific for immunoglobulin 
epitopes encoded by human immunoglobulin gene segments. 

10 Transgenic B-cells containing unrearrahged 

transgenes from human or other species functionally recombine 
the appropriate gene segments to form functionally rearranged 
light and heavy chain variable regions. It will be readrly 
apparent that the antibody encoded by such rearranged 

15 transgenes has a DNA and/or amino acid sequence which is 
heterologous to that normally cMOOuntered in the nonhuman 
animal used to practice the invention. 



20 



nmrearranaed Tr ansgenes 

AS used herein, an "unrearranged immunoglobulin 
heavy chain transgene" comprises DNA encoding at least one 
variable gene segment, one diversity gene segment, one^ joining 
gene segment and one constant region gene segment. Each of 
the gene segments of said heavy chain transgene are derived 
25 from, or has a sequence corresponding to, DNA encoding 

immunoglobulin heavy chain gene segments from a species not 
consisting of the non-human animal into which said transgene 
is introduced. Similarly, as used herein, an "unrearranged 
immunoglobulin light chain transgene" comprises DNA encoding 
30 at least one variable gene segment, one joining gene segment 
•and at least one constant region gene segment wherein each 
gene segment of said light chain tr:;nsgene is derived from, or 
has a sequence corresponding to, DNA encoding immunoglobulin 
light chain gene segments from a species not consisting of the 
35 non-human animal into which said light chain transgene is 
introduced. 

such heavy and light chain transgenes in this aspect 
of the invention contain the above-identified gene segments in 
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an unrearranged form. Thus, interposed between the v, D and J 
segments in the heavy chain transgene and between the V and J 
segments on the light chain transgene are appropriate 
recombination signal sequences (RSS's). In addition, such 
transgenes also include appropriate RNA splicing signals to 
join a constant region gene segment with the VJ or VDJ 

rearranged variable region. 

In order to facilitate isotype switching within a 
heavy chain transgene containing more than one C region gene 
segment, e.g. Cn and C7I from the human genome, as explained 
below "switch regions" are incorporated upstream from each of 
the constant region gene segments and downstream from the 
variable region gene segments to permit recombination between 
such constant regions to allow for immunoglobulin class 
15 switching, e.g. from IgM to IgG. such heavy and light 

immunoglobulin transgenes also contain transcription control 
sequences including promoter regions situated upstream from 
the variable region gene segments which typically contain TATA 
motifs. A promoter region can be defined approximately as a 
20 DNA sequence that, when operably linked to a downstream 
sequence, can produce transcription of the downstream 
sequence. Promoters may require the presence of additional 
linked cis-acting sequences in order to produce efficient 
transcription. In addition, other sequences that participate 
25 in the transcription of sterile transcripts are preferably 
included. Examples of sequences that participate in 
expression of sterile transcripts can be found in the 
•published literature, including Rothman et al., Jntl. Immunol . 
2:621-627 (1990); Reid et al., Pron. Natl, Acad. Sci. USA 
30 86:840-844 (1989); Stavnezer et al. , Prnr Natl , Acad. Sci. 
USa 8S: 7704-7708 (1988); and Mills et al., Nnci . Acids Res . 
i8:7305-7316 (1991) , each of which is incorporated herein by 
reference. These sequences typically include about at least 
50 bp immediately upstream of a switch region, preferably 
35 about at least 200 bp upstream of a switch region; and more 
preferably about at least 200-1000 bp or more upstr am of a 
switch region. Suitable sequences occur immediately upstream 
of the human S^i, S^j' ^^3' V' ^«2' switch 
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Jan S^l. ana S^j s»it=h regions are P-^-^"^" " 

^^'"^"°"-x„ addition to promoters, .tner re^Xato^ se^»=.s 
„Wc. function pri^arUy in B-ii„ea,e -Us are used Thus, 
.or e»«p.e, a ^^^Ifl^J^-^r^Z iZ ^^-^ ^ 
" r U::ro::r^an"4lt l.. « en.ance tran.ene 

^presLn. there., ------^ e^: ^ 

case of the heavy chain transgene, ^ ,,,3^,4 

also employed. Such regulatory sequen^s ^e^ed 

the transcription -^::»^^to°:r "irrStl^Xy high levels 
induce allelic exclusxon and to provia 

Of — - -;:=r;oregoing promoter and enhancer 
reguiatory^contr!. seguences --^^-^^V:^:^ 
,0 such regulatory seguences »ay - ---^"^o. which the 

animal bWng derived f ron the genomi , j 

heterologous transgene l^unoglobulin gene -^-^ 

25 genome of the non-human animal, or closely rei 
vrtvich contains the heavy and light transgene. 

in the preferred embodiments, gene segments are 
.erived from human heings. The transgenic n— an^ls 
harboring such heavy and light "-^"^ 7/^^^: 
30 mounting an Ig-mediated immune -P"--" ^ 
• administer«l to such an animal. ,1,,,,^ 

such an anl»l which are capable °' ^"^-^^TllcSon for 
human antibody. Atter immortalization and ^ 

an appropriate monoclonal ^'^^^^'^^'j^.^ ^J^''^^- 
3S source of th rapeutic human monoclonal ^^'^^ ^ 

such human Mabs have significantly reduced immuncg nicity 
therapeutically administer d to humans. 
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Although the preferred embodiments disclose the 
construction of heavy and light transgenes containing human 
gene segments, the invention is not so limited. In thxs 
regard, it is to be understood that the teachings described 
herein may be readily adapted to utilize immunoglobulin gene 
segments from a species other than human beings. For example, 
in addition to the therapeutic treatment of humans with the 
antibodies of the invention, therapeutic antibodies encoded by 
appropriate gene segments may be utilized to generate 
monoclonal antibodies for use in the veterinary sciences. 



15 



20 



Poa-rT-anned Tr ansaenes 

in an alternative embodiment, transgenic nonhuman 
animals contain functionally at least one rearranged 
heterologous heavy chain immunoglobulin transgene in the 
gcrmline of the transgenic animal, such animals contain 
primary repertoire B-cells that express such rearranged heavy 
transgenes. such B-cells preferably are capable of undergoing 
somatic mutation when contacted with an antigen to form a 
heterologous antibody having high affinity and specificity for 
the antigen. Said rearranged transgenes will contain at least 
two Ch genes and the associated sequences required 'for isotype 

switching. . 

The invention also includes transgenic animals 
containing germ line cells having heavy and light transgenes 
Wherein one of the said transgenes contains rearranged gene 
segments with the other containing unrearranged gene segments, 
in such animals, the heavy chain transgenes shall have at 
least two Ch genes and the associated sequences required for 

30 isotype switching. 

The invention further includes methods for 
generating a synthetic variable region gene segment repertoire 
to be used in the transgenes of the invention. The method 
comprises generating a population of immunoglobulin V segment 
DNAs Wherein each of the V segment DNAs encodes an 
immunoglobulin V segment and contains at each end- a cleavage 
recognition site of a restriction endonuolease. The 
population of immunoglobulin V segment DNAs is thereafter 
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concatenated to form the synthetic inoaunoglobulin V segment 

repertoire. Such syndetic variable region heavy chain 

^j^^ associated 

transgenes shall have at least two i-h 9 
sequences required for isotype switching. 

Tgn^ivpe switching 

in the development of a B lymphocyte, the cell 
initially produces IgM with a binding specificity determined 
by the productively rearranged Vh and V^. regions, 
sLsequ.ntly, each B cell and its progeny cells synthesize 
antibodies with the same L and H chain V regxons, but they may 
switch the isotype of the H chain. 

The use of /i or 5 constant regions is larg.ely 
determined by alternate splicing, permitting IgM and IgD to be 
coexpressed in a single cell. The other heavy chain .sotypes 

a, and e) are only expressed natively after a gene 
rlarrangement event deletes the C. and C. exons. ^his gene 
rearrangement process, termed isotype switchxng, typically 
occurs by recombination between so called switch segments 
, located immediately upstream of each heavy chain gene (except 
. The individual switch segments are between 2 and 10 kb m 
length, and consist primarily of short repeated s^^en^s 

w-,+.<«n rfiffers for individual class 
The exact point of recombination differs ror 

switching events. Investigations which have used solution 
:;bridizItion Kinetics or Southern blotting with cDK.-derived 
4 probes have confirmed that switching can be associated with 
loss of Ch sequences from the cell. 

The switch (S) region of the m gene, S^, xs located 
about 1 to 2 kb 5- to the coding sequence and is composed of 
numerous tandem repeats of sequences of the form 
(GAGCT,,(GGGGT,, Where n i. usually 2 to 5 but can ^-^^ - 
hi^h as 17. T. Nikaido et al. Jlatu^e 222:845-848 (1981)) 

Similar internally repetitive switch sequences 
spanning several kilobases have been found 5- of the other Ch 
genes. The Sa region has been sequenced and found to consist 
of tandemly repeated 80-bp homology units, whereas S^^^. S^2t>' 
and S,3 all contain repeated 49.bp homology units very similar 
to ea^i other. (S^, P. szurek et al., 135;620.626 
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(1985) and T. Nikaido et al.-, J. Biol. Che. ^ 257:7322-7 9 
1982), Which are incorporated herein by reference.) All the 
sequenced S regions include numerous occurrences of 
penta»ers GAGCT and GGCGT that are the hasxc repeated elements 
5 of the S„ gene (T. Nikaido et al., T Biol. Chem. 257:7322 

7329 (1982) which is incorporated herein by reference); m the 
other S regions these pentamers are not precisely tandemly 
repeated as in S,, but instead are embedded in larger repeat 
units. The S,, region has an additional higher-order 
10 structure: two direct repeat sequences flan)c each of two 
clusters of 49-bp tandem repeats. (See M. R. Mowatt et al., 
j^^SjjSj^ 136:2674-2683 (1986), which is incorporated herexn 

by reference) . 

switch regions of human H chain genes have been 



15 found to be very similar to their mouse homologs. indeed 

similarity between pairs of human and mouse clones 5 to the 
Ch genes has been found to be confined to the S regions, a fact 



Cu genes na& A^cc" --^ — - . 

t^at confirms the biological significance of these regxons. 
A switch recombination between n and a genes 
20 produces a composite S,-S„ sequence. Typically, there is no 
specific site? either in S, or in any other S regxon, where 
the recombination always occurs. 

. Generally, unlike the enzymatic machinery of v-J 
recombination, the switch machinery can apparently accommodate 
25 different alignments of the repeated homologous °^ 

germline S precursors and then join the sequences at different 
positions within the alignment. (See, T. H. Rabbits et al. , 
.M^. Res. 1:4509-4524 (1981) and J. Ravetch et al. , 
...H, PSA 77:6734-6738 (1980), which are 

30 incorporated herein by reference.) 

• • ' The exact details of the mechanism(s) of selective 
activation of switching to a particular isotype are unknown. 
Although exogenous influences such as lymphokmes and 
cytokines might upregulate isotype-specif ic recombinases , it 
35 is also possible that the same enzymatic machinery catalyzes 
switches to all isotypes and that specificity lies in 
targeting this inachinery to specific switch regions. 
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The T-cell-darived lymphokines IL-4 aKd IFH, have 
.ee„ She™ to specifically promote the -^^^^^ 
isotypes: decreases 1^, I,G2a. Ig02b, and 1^3 

Lpr"sion and increases. IgE and I,G1 expression, while OT, 

, TaG2a expression and antagonizes the 
5 selectively stimulates IgG2a expresaj. 

XL-4-indu=ed increase in IgE and IgGl expression ,Co££»an 
.1., I^InMlEl. 125=949-954 (1986) =ind Snapper et al^, 
^cilnle k=94*-947 (1987). which are incorporated herein by 

. «^ TT-ii and IL-5 promotes IgA 

reference,. X combination -JJ^ ^,3685-3690 (1987,, 

LO expression (Coffman et al., J TlM"n°.^ 

Which is incorporated herein by -^^^"^"l^. 

Host of the experiments implicating T cell efte 
on switching have not ruled out the possibility that the 
Observed increase in cells with particular 
iS recombinations might reflect selection of /^^^ 
precommltted cells; but the most llKely ^-^^^^^^J^ 
Le lympho.clnes actually promote switch recombination. 

induction of class switching appears to be 

associated with sterile ^^^^^^^ 
- the switch ^-^--^-""^Ji^l^^LSf^ ^="" " 

TJ::;-: Sd::;;b'^^xi:^^ni;^erton et 

f";: ....ns^ 86:2829 (1989,; Bothman et 

ai:; i=«^ °^ "^^.T 

ax., inis_ observed inductxon of the yl 

25 by reference, . For example, correlates 
sterile transcript by It-4 and inhibition by i™ 7 

. ...w ... TT A T^r-nmoiies class swxtchxng to 7X 
with the observation that IL-4 promotes cxa 

I^^-Tells in culture, while in.-, inblblts .1 -pr^sion 
Therefore, the inclusion of regulatory ^^^J^];^'^ 
30 the transcription of sterile transcripts may -^^^ '^ 
rate at Isotype switching. For example, increasing the 
"ll^lof of a particular sterile transcript typically can 
be expected to enhance the frequency of isotype switch 

recomblnatl n involving -^^^ ^^^^/^f:^; „^enes 
,e For these reasons, xt xs prereracx 

" incorp rate transcriptional regulatory se^ences with^ a out 

1-2 a. upstream f each switch region that is to be utilized 
Uo4e switching. These transcriptional r gulatory 
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sequences, preferably include a promoter and an enhancer 
elLnt, and Bore preferably include the 5- flan3cxng U-, 
upstream) region that is naturally associated (xe. occurs 
aermline configuration) with a switch region This 5 

, ilanlcing region is typically about at least 

length, preferably about at least 200 nucleotides m length, 
and more preferably at least 500-1000 nucleotides. 

Although a 5- flanking sequence from one switch 
region can be operably linKed to a different switch ion for 

0 transgene construction (e.g., the 5- flanking sequence from 
the hlan S^^ switch can be grafted in^ediately upstream of the 
S , switch) , in some embodiments it is preferred that each 
switch region incorporated in the transgene construct have the 
5. flanking region that occurs immediately upstream in the 

,5 naturally occurring germline configuration. 

my,^ n^t-«r,saeni r pr-imf^irv RPnertPire . 

A. Ti^o ffnman iitimnTinal o^l1Un J^oci 

An important requirement for transgene function is 
JO the generation of a primary antibody repertoire that is 
diverse enough to trigger a secondary iMnune response for 
wide range of antigens. The rearranged heavy chain gene 
consists of a signal peptide exon, a variable region exon and 
a tandem array of multi-domain constant region regions each 
25 of Which is encoded by several exons. Each of the constant 
region genes encode the constant portion of a different class 
of immunoglobulins. During B-cell development, V region 
proximal constant regions are deleted leading to the 
Expression of new heavy chain classes. For each »^eavy ^hai^ 
30 class, alternative patterns of PNA splicing give rise to both 
transmembrane and secreted immunoglobulins. 

The human heavy chain locus consists of 
approximately 200 V gene segments spanning 2 Mb, approximately 
30 D gen s gments spanning about 40 kb, six J s gments 
35 clustered within a 3 kb span, and nin constant region gene 
segm nts spread out over approximately 300 kb. 
loL spans approximat ly 2.5 Mb of the distal portion of the 
long arm of chromosome 14. 
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in a preferrea e genomic DHA from 

light Chain transgenes coBpr.se p^Lerred transgene 

= humans, xn the case of the heavy cha^n^a^ref^ 

comprises a KotX fragment having l^^^^^cuse the 3. 

"'r.'rtetrottr™::: -pped. XtisKnown. 
.estrxctxon ^„ ,ene segments. This 

however, to reside , tamilies, 

10 fragment contains members of ^" °^ „1 
^e 0 and . gene segments as „el^ Tv ^7 » <X,sa, . 
constant regions (Berman et .1. .^^ ! ^ 
„Wch is incorporated herein W ^^^^ , 

mou^e line containing this ^^^^CZTZ^a^^ and at 

15 heavy chain class required for « «11 d P ^^^i„„ 
least one switched heavy chain class ( ^ ^ ^„ 
with a sufficiently large repertoire of variable 
trigger a secondary response for most antigens. 



20 



25 



30 



35 



chain-locus may be similarly constructed. Such tr 
constructed as described in the Examples. 

C. Transgenes Generated Intracellularly 
hv In vivo Rec" ^v^T nation 

' ' It is not necessary to isolatTthe all or part of 
the heavy chain locus on a single fragment. Thus, for 
r^lel'the e,0-S30 .cb KotI -agment -om^ ^vo in the 
^unoglobulin heavy chain locus »y "^^^^^^^^ene 
non-human animal during transgenesis. such 
construction is produced by introducing two or more 
overlapping DHA fragments into an embryonic 
„n-human animal. The overlapping portions^^ OH^ 
fragments have DHA sequences which are . 
LHog us. ^on e^^poeure to ^e ^--^ rf^glts 
within the embryonic nucleus, the overxappxi y 
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homologously recombined in proper orientation to form th 
670-830 kb NotI heavy chain fragment. 

In vivo transgene construction can be used to form 
any number of immunoglobulin transgenes which because of their 
size are otherwise difficult, or impossible, to make or 
manipulate by present technology. Thus, in vivo transgene 
construction is useful to generate immunoglobulin transgenes 
which are larger than DNA fragments which may be manipulated 
by YAC vectors (Murray and Szostak, Nature 305:189-193 
(1983)). Such in vivo transgene construction may be used to 
introduce into a non-human animal substantially the entire 
immunoglobulin loci from a species not consisting of the 
transgenic non-human animal. 

-In addition to forming genomic immunoglobulin 
transgenes, in vivo homologous recombination may also be 
utilized to form "mini-locus" transgenes as described in the 
Examples . 

In the preferred embodiments utilizing in vivo 
transgene construction, each overlapping DNA fragment 
preferably has an overlapping substantially homologous DMA 
sequence between the end portion of one DNA fragment and the 
end portion of a second DNA fragment. Such overlapping 
portions of the DNA fragments preferably comprise about 500 bp 
to about 2000 bp, most preferably 1.0 kb to 2.0 ]cb. 
Homologous recombination of overlapping DNA fragments to form 
transgenes in_yivo is further described in commonly assigned 
PCT Publication No. WO 92/03917 entitled "Homologous 
Recombination in Mammalian Cells" published March 19, 1992. 

D. Mlnilocijs Transgenes 

As used hetein, the term "immunoglobulin minilocus" 
refers to a DNA sequence (which may be within a longer 
sequence) , usually of less than about 150 kb, typically 
b tween about 25 and 100 kb, containing at least one each of 
the following: a functional variable (V) gene segment, a 
functional Joining (J) r gion segment, at least one functional 
constant (C) region gene segment, and— if it is a heavy chain 
minilocus— a functional diversity (D) region segment, such 
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that said DBA sequence contains at least one ^^^^^^^^^ 
discontinuity (e.g., a deletion, usually of at l-st ^ut 2 
to 5 a>. preferably 10-25 kb or more, relative to the 
homologous genomic DKA seguence, . A ligW chain minllocus 

, LansgL will be at least 2. kb in length, '^^^^^ ° 
kb I heavy chain transgene will typically be about 70 to 80 

kb'm length, preferably at least aboit 60 kb with two 
constant regions operably linked to switch regions. 
Furthermore, the individual elements of the minxlocus are 

10 preferably in the germline configuration and capable 
undergoing gene rearrangement in the pre-B cell of a 
transgenic anl^l so as to express functional ""^f °* 
molecLes with diverse antigen specificities encoded entirely 
by the elements of the minilocus. Further, a heavy chain 

15 mLlocus comprising at least two C„ genes and the -^I"--*^ 

15 minixo^, if ... ^aiiv c cable of vmdergoing isotype 

switching sequences is typ.-cally c panie different 
switching, so that functional antibody molecules of different 
iBHunoglobulin classes will be generated. Such xsotype 
switching ..ay occur in vivo in B-cells residing withm the 

.0 ^^IgenL nlnhum^an animal, or may occur in cultured cells of 
the B-cell lineage which have been explanted from the 

transgenic nonhuman animal. ^i«v„,iin 
in an alternate preferred embodiment, immunoglobulin 

heavy chain transgenes comprise one or more of each of the 
25 D, and Jh g-e segments and two or more of the genes. Ar 
least one of each appropriate type gene segment is 
incorporated into the minilocus transgene. With regard to the 
Ch siments for the heavy chain transgene, it is pref^red 
Sat the transgene contain at least one m gene -^-^"^ ^ Jt 
30 least one other constant region gene segment, more preferably 
a T gene segment, and most preferably y3 or 7!- This - 
prIfLence is to allow for class switching between IgH and igG 
forms of the encoded immunoglobulin and the production of a 
s cretable f rm f high affinity non-igM immunoglobulin. 
35 Other c nstant region gene segments may also be used such as 
those Which encode for the production of IgD, IgA and IgE. 

Th se skilled in the art will also construct 
transgenes wherein the order of occurrence of heavy chain Ch 
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genes will be differ nt from the naturally-occurring spatial 
order found in the germline of the species serving as the 

donor of the Cg genes. 

Additionally, those skilled in the art can select Ch 
5 genes from more than one individual of a species (e.g. , 
allogeneic Cg genes) and incorporate said genes in the 
transgene as supernumerary genes capable of undergoing 
isotype switching; the resultant transgenic nonhuman animal 
may then, in some embodiments, make antibodies of. various 

10 classes including all of the allotypes represented in the 
species from which the transgene genes were obtained. 

Still further, those skilled in the art can select 
Cg genes from different species to incorporate into the 
transgene. Functional switch sequences are included with each 

15 Ch g^"®' although the switch sequences used are not 

necessarily those which occur naturally adjacent to the Cg 
gene. Interspecies Cg gene combinations will produce a 
transgenic nonhuman animal which may produce antibodies of 
various classes corresponding to Cj, genes from various 

20 species. Transgenic nonhuman animals containing interspecies 
' Ch transgenes may serve as the source of B-cells for 

constructing hybridomas to produce monoclonals for veterinary 
uses . 

The heavy chain J region segments in the human 
25 comprise six functional J segments and three pseudo genes 
clustered in a 3 kb stretch of DNA. Given its relatively 
compact size and the ability to isolate these segments 
together with the m gene and the 5' portion of the S gene on a 
single 23 kb SFil/Spel fragment (Sado et al., Biochem. 
30 BioDhvs. Res. Comm. IM: 264271 (1988), which is incorporated 
herein by reference) , it is preferred that all of the J region 
gene segments be used in the mini-locus construct. Since this 
fragment spans the region between the /i and S genes, it is 
likely to contain all of the 3 ' cis-linked regulatory elements 
35 required for n xpression. Furthermore, because this fragment 
includes the entire J region, it contains th heavy chain 
enhancer and the n switch region (Mills et al. , Hature 306:809 
(1983); Yancopoulos and Alt, finn. Rev. Immunol. 4:339-368 
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contains tha ^^tr/B-cUs ..anccpoulos »d 

„^cn incxuae. par. on --J-^^^ V/^ra^rUnt 

" " an." Terence « .a=iXi.a« 

increases the amount ox ^ ^ 

efficient D-to-J joining. " ^^^^^i^^ous 9 

The hviman D region consists ot 4 

1^ subregions, linked in tande. (Siebenlxst, et al (1981) , 
Ztur. 294, 631-635). Each subregion contains up to 10 

of these segments have been 
individual D se^^. of 

^pped-and are shown .n Fx,. 4^ Two ^^^^ ^^^^^ 

::.i^ous stretC o. OH. ^ inciudas one ^^^^^ o. 
repeated I. snJ>re,ions. A candxdate^ srn, 
that contains 12 individual D seg-ents. 
consists ot , contiguous EcoBX , 
ooBPletely sequenced (Ichihara, et al. (19S8 , H!B__. 
nTLoI waive D segments Should be sufficient for a 
4141-4150) . Twelve dispersed nature of 

primary repertoire. However, g together 
the D region, an alternative strategy is to liga g 
I^:e^ J non-«ntiguous D-segment containing " 

7 . ™.ller Piece of DMA with a greater number of 
p„duce a ^^^^^"^^ t genes can he identified, for 
segments. Additional D l fianWng nonamer 

example, by the presence of characteristl 
and heptamer se<r,ences. fflpa. and hy reference to the 

literature.^ .east .ne, and p^efer^ly -r- ' '^"^ 

segment is used to construct the heavy chain minilocus 
! ™™ Rearranged or unrearranged V segments with or 
^n^a^Tselenoes can . isolated as .escrlhed PC 
; publication HO. «0 .92/03918, published 

titled -Transgenic Non-Human Animals capable of Producing 

Heterol gous Antibodies." 
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Rearranged or unrearranged V segments', D segments, J 
segments, and C genes, with or without flanking sequences, can 
be isolated as described in PCT Publication No. WO 92/03918, 

published March 19, 1992. 
5 A minilocus light chain transgene may be similarly 

constructed from the human X or k immunoglobulin locus. 
Thus, for example, an immunoglobulin heavy chain minilocus 
transgene construct, e.g., of about 75 kb, encoding V, D, J 
and constant region sequences can be formed from a plurality 

10 of DNA fragments, with each sequence being substantially 

homologous to human gene sequences. Preferably, the sequences 
are operably linked to transcription regulatory sequences and 
are capable of undergoing rearrangement. With two or more 
appropriately placed constant region sequences (e.g., H and 7) 

15 and switch regions, switch recombination also occurs. An 
exemplary light chain transgene construct can be formed 
similarly from a plurality of DNA fragments, substantially 
homologous to human DNA and capable of undergoing 
rearrangement. 



20 



E. TT-:.n«»pnP, CQ r °-^^^"^-« gkpablP nf Tsotypp Syitc^ipq " 

Ideally, transgene constructs that are intended to 
undergo class switching should include all of the cis-acting 
sequences necessary to regulate sterile transcripts. 
25 Naturally occurring switch regions and upstream promoters and 
regulatory sequences (e.g., IFN-inducible elements) are 
preferred cis-acting sequences that are included in transgene 
constructs capable of isotype switching. About at least 50 
basepairs, preferably about at least 200 basepairs, and more 
30 preferably at least 500 to 1000 basepairs or more of sequence 
immediately upstream of a switch region, preferably a human yl 
switch region, should be operably linked to a switch sequence, 
preferably a human 7I switch sequence. Further, switch 
regions can be linked upstream of (and adjacent to) Cg genes 
35 that do not naturally occur next to the particular switch 
region. For example, but not for limitation, a human Vi 
switch r gion may be linked upstream from a human Oj Ch gene, 
or a murine 71 switch may be linked to a human c,, gene. 
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An alternative method for obtaining non-classical 
isotype switching (e.g., ^-associated deletion) in transgenic 
mice involves the inclusion of the 400 bp direct repeat 
sequences {aa and en) that flank the human fi gene (Yasui et 
5 :>i , RTiT», .T. TTnmunol. 19_;1399 (1989)). Homologous 

recombination between these two sequences deletes the fi gene 
in IgD-only B-cells. Heavy chain transgenes can be- 
represented by the following formulaic description: 

10 (Vh) ^' CD) y- ( Jh) (So) (Ci) n- [ (T) - (Sr) p" (Cj) 3 q 
where: 

Vh is a heavy chain variable region gene segment, 

D is a heavy chain D (diversity) region gene segment, 

15 Jjj is a heavy chain J (joining) region gene segment, 

Sd is a donor region segment capable of participating in 
a recombination event with the acceptor region 
segments such that isotype switching occurs, 
Ci is a heavy chain constant region gene segment encoding 

20 an isotype utilized in for B cell development (e.g., 

• \ n or S) , 

T is a cis-acting transcriptional regulatory region 
segment containing at least a promoter, 

Sa is an acceptor region segment capable of participating 
25 in a recombination event with selected donor 

region segments, such that isotype switching occurs, 

Cj is a heavy chain constant region gene segment encoding 
an isotype other than n (e.g., 7i/ 72' T3' y*' "i' 

30 X, y, 2, m, n, p, and q are integers, x is 1-100, n is 

0-10,. y is 1-50, p is l-lp, z is l-SO, q is 0-50, m 
is 0-10. Typically, when hs transgene is capable 
of isotype switching, q must be at least 1, m is at 
least 1, n is at least 1, and m is greater than or 

35 qual to n. 
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Vh, D, Jh, S„ C„ T, S;,, and C, segments may be 
selected from various species, preferably mammalian species, 
and more preferably from human and murine germline DNA. 

Vh segments may be selected from various species, 
but are preferably selected from Vh segments that occur 
naturally in the human germline, such as V^zsi' Typically 
about 2 Vh gene segments are included, preferably about 4 Vy 
segments are included, and most preferably at least about 10 
Vh segments are included. 

At least one D segment is typically included, 
although at least 10 D segments are preferably included, and 
some embodiments include more than ten D segments. Some 
preferred embodiments include human D segments. 

Typically at least one Jh segment is incorporated in 
the transgene, although it is preferable to include about six 
J,, segments, and some preferred embodiments include more than 
about six Jh segments. Some preferred embodiments include 
human Jh segments, and further preferred embodiments include 
six human Jg segments and no nonhuman Jh segments. 

Sp segments are donor regions capable of 
participating in recombination events with the S;, segment of 
the transgene. For classical isotype switching, S^ and Sj, are 
switch. regions such as S^, S^j, 3^2' ^3' V' ^a' ^e* 
Preferably the switch regions are murine or human, more 
25 preferably S^ is a human or murine and S;, is a human or 
murine S^j. For nonclassical isotype switching ( ^-associated 
deletion) , and are preferably the 400 basepair direct 
repeat sequences that flank" the human n gene. 

Ci segments are typically m or S genes, preferably a 
30 n gene, and more preferably a human or murine m gene. 

. T segments typically include S' flanking sequences 
that are adjacent to naturally occurring (i.e., germline) 
switch regions. T segments typically at least about at least 
50 nuoleotid s in length, pr ferably about at least 200 
35 nucl otides in 1 ngth, and more preferably at least 500-1000 
nucleotides in length. Preferably T segm nts are 5' flanking 
sequences that occur imm diately upstream of human or murine 
switch regions in a germline c nfiguration. It is also 
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^ ,,*Ti i-n +-he art that T segments may 
evident to those of skill m the art tna ^ 

a= not o=cur na«rally in an animal ,er.Une (e g . vxral 
«mancars and promoters such aa those found in SV40, 

xr I'nfect eukcun^otxc cells) . 

5 adenovirus, and other viruses that infect eujcary 

C, segments are typically a y^, 72^ 73' T4r «i' 

^ gene t>f these isotypes, and 
^ri-^^k.rr^r.To^ .3 .ene. Murine ... and »a. 
IHo ^ used. I «ay downstrea. (i.e., switched, isotype ,enes 
LO form various species. '"•-^ ^'^"^ 

contains an i«,oglohuUn heavy chain — "^LeoSs 
length of the transgene will ha typically 150 Kilo basepairs 

" in general, the transgene will he other than a 

,5 native heavy chain Ig locus. Thus, for example, deletion of 
unnecessary regions or suhstitutions with corresponding 
regions from other species will be present. 

F Hethods for Determining Functional 
20 switch tm m -""soenes 

The occurrence of Isotype ' switching in a transgenic 
nonhuman anl.al may he identified by any method toown to those 
in the art. Preferred embodiments include the following. 
7S emnloved either singly or in combination: 

2S ^^"l^^^^^.^ ^ transcripts that contain a secpi^ce 
homologous to at least one transgene downstream c, other 
than /and an adjacent se^ence homologous to a transgene 
D,-J„ rearranged gene, such detection may be by Northern 

30 hybridization, nuclease protection assays, PCR 

amplification, cDHa cloning, or other methods; _ 

2. d^eti»,n i„ th. serum of the transgenic « ^ 

supamatants of cultures of hybridoma cells made 
of the transgenic animal, of immunoglobulin proteins encoded 

35 by downstre^. 0, g«.es. where such proteins can -^'^^^ 
^ tmmun ch«.iical methods to comprise a functional v^riahle 

detect! n, in DMX from B-cells of the transgenic 
animal or in genomic DHA from hybridoma cells, of Dili 
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rearrangements consistent with the occurrence of isotype 
switching in the transgene, such detection may be accomplished 
by southern blot hybridization, PGR amplification, genomic 
cloning, or other method; or 
5 4. identification of other indicia of isotype switching, 

such as production of sterile transcripts, production of 
characteristic enzymes involved in switching (e.g., "switch 
recombinase") , or other manifestations that may be detected, 
measured, or observed by contemporary techniques. 
10 Because each transgenic line may represent a 

different site of integration of the transgene, and a 
potentially different tandem array of transgene inserts, and 
because each different configuration of transgene and flanking 
DNA sequences can affect gene expression, it is preferable to 
15 identify and use lines of mice that express high levels of 
human immunoglobulins, particularly of the igG isotype, and 
contain the least number of copies of the transgene. Single 
copy transgenics minimize the potential problem of incomplete 
allelic expression. Transgenes are typically integrated into 
20 host chromosomal DNA, most usually into germline DNA and 
propagated by subsequent breeding of germline transgenic 
breeding stock animals- However, other vectors and transgenic 
methods known in the present art or subsequently developed may 
be substituted as appropriate and as desired by a 
25 practitioner. 

G. Functional Disruption of 

Endogenous immup oolobulin Loci 

30 The expression of successfully rearranged 

immunoglobulin heavy and light transgenes is expected to have 
a dominant effect by suppressing the rearrangement of the 
endogenous immunoglobulin genes in the transgenic nonhuman 
animal. However, another way to generate a nonhuman that is 

35 devoid of endogenous antibodies is by mutating the endogenous 
immunogl bulin 1 ci. Using embryonic stem cell technology and 
h mologbus recombination, the endogenous immunoglobulin 
r pertoire can be readily eliminated. The following describes 
the functional description of the mouse immunoglobulin loci. 
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The vectors and methods disclosed, however, can be readily 
adapted for use in other non-hman animals. 

Briefly, this technolow involves the xnactivation 
of a gene, by homologous recombination, in a P^-^^""' 
line Lt is capable of differentiating into germ cell tissue. 
A DHA construct that contains an altered, copy of a mouse 
'J^oglobuUn gene is introduced into the n-^^^ "' 
stem c!lls. in a portion of the cells, the introduced DKX 
recombines with the endogenous copy of the 
reoleclng it with the altered copy. Cells containing the 
:^ir^i.eered genetic lesion are injected into a host mouse 
^^o, which is reimplanted into a recipient female. Some of 
these embryos develop into chimeric mice that possess germ 
ZlXs entirely derived from the mutant cell J'?"^ 
hy breeding the chimeric mice it is possible to obtain a new 
Une of mice containing the introduced genetic lesion 
(reviewed by Capecchi (1989) , l£i^. 

Because the mouse X locus contributes to only 5% of 
the im^inoglobulins, inactivation of the heavy chain and/or 
.-light Chain loci is sufficient. There are three ways to 
Lr!pt each of these loci, deletion of the J region, deletion 
Of tZ J-C intron enhancer, and disruption of constant region 
coding secniences by the introduction of a stop ""^ 
last option is the most straightforward, in terms of DN& 
25 construct design. Elimination of the ^ gene disrupts B-cell 
maturation thereby preventing class switching to any of the 
functional heavy chain segments. The strategy for knocking 
out these loci is outlined below. 

TO disrupt the mouse ^ and it genes, targeting 
30 vectors are used based on the design employed by 'a-i'^ 
• co-workers (Zlllitra, et al. (1989, , m^. "^T"'' 
the successful disruption of the mouse ^^-microglobulin g«e. 
The n«My=in resistance gene (neo, , from the plasmid pMCtteo 
is inserted Into the coding region of the target gene. The 
« pMCIneo insert uses a hybrid viral promoter/ nhancer serenes 
I drive neo expression. This promoter Is " ^ " 
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kinase (tk) gene is add d to the end of the construct as a 
negative selection marker against random insertion events 

(Zijlstra, et al., suEES-t) • 

A preferred strategy for disrupting the heavy chain 

5 locus is the elimination of the J region. This region is 
fairly compact in the mouse, spanning only 1.3 kb. To 
construct a gene targeting vector, a 15 kb Kpnl fragment 
containing all of the secreted A constant region exons from 
mouse genomic library is isolated. The 1.3 kb J region is 
10 replaced with the 1.1 kb insert from pMCIneo. The HSV tk gene 
is then added to the 5- end of the Kpnl fragment. Correct 
integration of this construct, via homologous recombination, 
will result in the replacement of the mouse Jh region with the 
neo gene. Recombinants are screened by PGR, using a primer 
15 based on the neo gene and a primer homologous to mouse 
sequences 5- of the Kpnl site in the D region. 

Alternatively, the heavy-chain locus is knocked out 
by disrupting the coding region of the /x gene. This approach 
involves the same 15 kb Kpnl fragment used in the previous 
20 approach. The 1.1 kb insert from pMCIneo is inserted at a 

unique Baii^I site in exon II, and the HSV tk ^gene added to the 
3' Kpnl end. Double crossover events on either side of the 
neo insert, that eliminate the tk gene, are then selected for. 
These are detected from pools of selected clones by PGR 
25 amplification. One of the PGR primers is derived from neo 
sequences and the other from mouse sequences outside of the 
targeting vector. The functional disruption of the mouse 
immunoglobulin loci is presented in the Examples. 



30 



Gv Suppressing Expression of • 

pndoaeTiQus Immunoglobu lin Loci 

in addition to functional disruption of endogenous 
Ig loci, an alternative method for preventing the expression 
35 of an ndogenous Ig 1 cus is suppression. Suppr ssion of 
endogenous Ig genes may be accomplished with antisense RNA 
produced fr m one or more integrated transgenes, by antisense 
oligonucl otides, and/ or by administration of antisera 
specific for one or more ndogenous Ig chains. 
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nntiT""^° PolYnucleotides 
Antisense RNA transgenes can be employed to 
partially or totally knock-out expression of specific genes 

5 J. (1990) nir-— -^-r.^--- Acta 1049: 99; Stout, J. and 

CasLy, T. (1990) ..^^..^.1LM.-.^M^ ^= T .7Zr. is 
^ « 11 Kr«i conet 16: 383, each of which is 
al. (1990) fioTnal-,- Cel^ fieneT:. ±s.. jo / 

incorporated herein by reference) . , ^.^ ^ 

"Antisense polynucleotides" are polynucleotides 
10 that: (1) are complementary- to all or part of a reference 
sequence, such as a sequence of an endogenous Ig Ch °^ 
region, and (2) which specifically hybridize to a 
complementary target sequence, such as a chromosomal gene 
locus- or a Ig mRNA. such complementary antxsense 
15 polynucleotides may include nucleotide substitutions, 

Additions, deletions, or transpositions, so long as specif xc 
hybridization to the relevant target sequence is retained as 
functional property of the polynucleotide. ^-P^^^^^^ 
antisense polynucleotides include soluble antisense RNA or DNA 
20 oligonucleotides which ca^ hybridize specifically to 

individual mRNA species and prevent transcription and/or RNA 
processing of the mRNA species and/or translation of the 
encoded polypeptide (Ching et al. , Vrnr N^tl 
U S.A. 86:10006-10010 (1989); Broder et al. , Ann. Tnt. Me^ . 
25 11^^4-618 (1990); Loreau et al. , FFRS Letter s 274.: 53-56 
25 e.l» ix:» I. „nQi/11535- W091/09865; W091/04753; 

(1990); Holcenberg et al. , W091/11535, woyx/u:7o , , 
«09Q/13641; and EP 386563, each of which is incorporated 
herein by reference) . An antisense sequence is a 
polynucleotide sequence that is complementary to at least^e 
30 Lunoglobulin gene sequence of at least about 15 =-tiguo^ 
■ nucleotides in length, typically at least 20 to 30 nucleotides 
in length, and preferably more than about 30 nucleotides in 
length. However, in some embodiments, antisense sequences may 
have substituti ns, additions, or deletions as compared to the 
35 complementary immunoglobulin gene sequ nee, so long as 
specific hybridization is r tained as a property of th 
antisense p lynucleotid . Generally, an antis nse sequence is 
complementary to an endogenous i^unoglobulin gene sequence 
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that encodes, or has the potential to encode after DNA 
rearrangement, an iminunoglobulin chain. In some cases, sense 
sequences corresponding to an immunoglobulin gene sequence may 
function to suppress expression, particularly by interfering 
with transcription. 

The antisense polynucleotides therefore inhibit 
production of the encoded polypeptide (s) . In this regard, 
antisense polynucleotides that inhibit transcription and/or 
translation of one or more endogenous Ig loci can alter the 
capacity and/or specificity of a non-human animal to produce 
immunoglobulin chains encoded by endogenous Ig loci. 

Antisense polynucleotides may be produced from a 
heterologous expression cassette in a transfectant cell or 
transgenic cell, such as a transgenic pluripotent 
15 hematopoietic stem cell used to reconstitute all or part of 
the hematopoietic stem cell population of an individual, or a 
transgenic nonhuman animal. Alternatively, the antisense 
polynucleotides may comprise soluble oligonucleotides that are 
administered to the external milieu, either in culture medium 
20 in vitro or in the circulatory system or interstitial fluid in 
vivo.' ^ Soluble antisense polynucleotides present in the 
external milieu have been shown to gain access to the 
cytoplasm and inhibit translation of specific mRNA species. In 
some embodiments the antisense polynucleotides comprise 
25 methylphosphonate moieties, alternatively phosphorothiolates 
or 0-methylribonucleotides may be used, and chimeric 
oligonucleotides may also be used (Dagle et al. (1990) ^up3.ej.c 
Acids Res. 18 ; 4751). For some applications, antisense 
oligonucleotides may comprise polyamide nucleic acids (Nielsen 
30 et.al. (1991) Science 254 ; 1497). For general methods 

relating to antisense polynucleotides, see /vntisense RNft apd 
DNA . (1988), D.A. Melton, Ed., Cold Spring Harbor Laboratory, 
Cold spring Harbor, NY). 

Antisense polynucleotides complementary to one or 
35 more sequenc s are employed to inhibit transcription, RNA 

processing, and/or translation of the cognate mRNA species and 
.thereby effect a reduction in the amount of the respective 
encoded polyp ptide. Such antisense polynucleotides can 
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provide a therapeutic function by inhibiting the formation of 
one or more endogenous Ig chains Xn v^vo . 

Whether as soluble antisense oligonucleotides or as 
antisense RNA transcribed from an antisense transgene, the 
antisense polynucleotides of this invention are selected so as 
to hybridize preferentially to endogenous Ig sequences at 
physiological conditions ia xivQ. Most typically, the 
selected antisense polynucleotides will not appreciably 
hybridize to heterologous Ig sequences encoded by a heavy or 
light chain transgene of the invention (i.e., the antisense 
oligonucleotides will not inhibit transgene Ig expression by 
more than about 25 to 35 percent) . 

ATil-ii-^"^™ gnr-zression 
Partial or complete suppression of endogenous Ig 
chain expression can be produced by injecting mice with 
antisera against one or more endogenous Ig chains (Weiss et 

al (1984) ^-r.r^ '^^^l- ^ --^ ^"-S-^-^ 211, which IS 

incorporated herein by reference) . Antisera are selected so 
as to react specifically with one or more endogenous Ig chains 
but to have minimal or no cross-reactivity with heterologous 
ig chains encoded by an Ig transgene of the invention. Thus, 
administration of selected antisera according to a schedule as 
typified by that of Weiss et al. op.cit. will suppress 
endogenous Ig chain expression but permits expression of 
heterologous Ig chain (s) encoded by a transgene of the present 
invention. 



Wnrt ^eie Aeids 

The nucleic acids, the term "substantial homology' 
indicates- that two uucleic acids, or de gnated sequences 
thereof, when optimally aligned an- com^^ired, are identical, 
with appropriate nucleotide insert; ens or deletions, in at 
least about 80% f the nud otides, usually at least about 90% 
t 95%, and more preferably at 1 ast ab ut 98 to 99.5% of the 
nucleotides. Alternatively, substantial homology xists when 
the segments will hybridize under selective hybridization 
c nditions, to the complement of the strand. The nucleic 
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acids may be present in whole cells, in a cell lysate, or in a 
partially purified or substantially pure form. A nucleic acid 
is "isolated" or "rendered substantially pure" when purified 
away from other cellular components or other contaminants, 
5 e.g., other cellular nucleic acids or proteins, by standard 
techniques, including alkaline/ SDS treatment, CsCl banding, 
column chromatography, agarose gel electrophoresis and others 
well known in the art. See . F. Ausubel, et al. , ed. current 
Protocols in Molecular Biology . Greene Publishing and Wiley- 

10 Interscience, New York (1987) . 

The nucleic acid compositions of the present 
invention, while often in a native sequence (except for 
modified restriction sites and the like) , from either cDNA, 
genomic or mixtures may be mutated, thereof in accordance with 

15 standard techniques to provide gene sequences. For coding 
sequences, these mutations, may affect amino acid sequence as 
desired. In particular, DNA sequences substantially 
homologous to or derived from native V, D, J, constant, 
switches and other such sequences described herein are 

20 contemplated (where "derived" indicates that a sequence is 
identical or modified from another^ sequence) . 

A nucleic acid is "operably linked" when it is 
placed into a functional relationship with another nucleic 
acid sequence. For instance, a promoter or enhancer is 

25 operably linked to a coding sequence if it affects the 

transcription of the secpience. With respect to transcription 
regulatory sequences, operably linked means that the DNA 
sequences being linked are contiguous and, where necessary to 
join two protein coding regions, contiguous and in reading 

30 frame. For switch sequences, operably linked indicates that 
the sequences are capable of effecting switch recombination. 

Specific Preferred Embodiments 

A preferred embodiment of the invention is an animal 
35 containing at least one, typically 2-10, and sometimes 25-50 
or more copies of the transgene described in Example 12 (e.g., 
pHCl or pHC2) bred with an animal containing a single copy of 
a light chain transgene described in Examples 5, 6, 8, or 14, 
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• ^1. 4.*.« ' rioieted animal described in 
and the offspring bred with the deletea am 

, ,n Animals are bred to homozygosity for each of 
Example 10. Anxmals are ^r following genotype: 

fhese three traits. Such animals nave wib 
these three . .^t of chromosomes) of a human 

a single copy (per ^^P^^^^^^ (described in Example 12), 

heavy chain unrearranged mini-locus (oe rearranged 
, ^»«ir.^ri set of Chromosomes) of a rearranges 

delation at each «.do,enou= mouse heavy chaan 

all the functional se^ents ^-^^ - 
^leio,. such animals ate h^ed wx^-»-««e^^ ^ 
homozygous for the deletion of the Jh segmen y . ..^ion 
to proLe o«sprin, that are ™- ^ ^L^-ct:^!. 
ana h.mi.y,ous for the human hea^ T^^",^ and used for 
The resultant animals are injected with """'en 
production of human monoclonal antibodies against these 

B cells isolated from such an animal are 
^nospecif ic with regard to the human heavy an^ I^- -ins 
because they contain only a single copy ^ 
Furthermore, they will be monospecific w-*^ J'^^ 
or mouse heavy <iiains because both endogenous "^^ 
Chain gene copies are nonfunctional by "^^/^'^^Jf r 
spanning the J. region introduced as ^-^-^^^Jlff '^^tls 
12. Furthermore, a substantial fraction of the B cells 

-tl be monospecific with ^-^^ ^c r^r^reLi^ . 
chains because expression of the single oofi 
Chains oeoauo p .ii.iicailv and isotypically 

human « light chain gene will allelicaliy an ' ^ 

exclude the rearrangement of the endogenous mouse < and X 
chain g«.es in a significant fraction -^^^^'^^^ 
The transgenic mouse of the preferred emo 
exhibit immunoglobulin production with a "9"^'^°^ 

repertoire, i.«lly ^^^^^Z:^ ZTJ^^^^^ 

mouse Thus, for example, in embodiments wnet 

mouse. xnu5, t , \. ^.v,^ ^otal immunoglobulin 

la genes have b en inactivated, the total imm y 

, iLls Will range -.^.ri^'a: - I^'mg/ml. 

preferably 0.5 to 5 mg/ml, ideally at i as 

Len a transgene capable of effecting a switch to igG f r . xgM 
has been introduced into the transgenic mouse, the adult mous 
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ratio of serum IgG to igM is preferably about 10:1. Of 
course, the IgG to IgM ratio will be much lower in the 
immature mouse. In general, greater than about 10%, 
preferably 40 to 80% of the spleen and lymph node B cells 
express exclusively human IgG protein. 

The repertoire will ideally approximate that shown 
in a non-transgenic mouse, usually at least about 10% as high, 
preferably 25 to 50% or more. Generally, at least about a 
thousand different immunoglobulins (ideally IgG),. preferably 
10* to 10^ or more, will be produced, depending primarily on 
the number of different V, J and D regions introduced into the 
mouse genome. These immunoglobulins will typically recognize 
about one-half or more of highly antigenic proteins, 
includi-ng, but not limited to: pigeon cytochrome C, chicken 
lysozyme, pokeweed mitogen, bovine serum albumin, keyhole 
limpit hemocyanin, influenza hemagglutinin, staphylococcus 
protein A, sperm whale myoglobin, influenza neuraminidase, and 
lambda repressor protein. Some of the immunoglobulins will 
exhibit an affinity for preselected antigens of at least about 
10 V^, preferably lO^lT^ to 10 or greater. 

Thus, prior to rearrangement of a transgene 
containing various heavy or light chain gene segments, such 
gene segments may be readily identified, e.g. by hybridization 
or DNA sequencing, as being from a species of organism other 
than the transgenic animal. 

Although the foregoing describes a preferred 
embodiment of the transgenic animal of the invention, other 
embodiments are defined by the disclosure herein and more 
particularly by the transgenes described in the Examples. 
Four categories of transgenic animal may be defined: 

I. Transgenic animals containing an unrearranged heavy 
and rearranged light immunoglobulin transgene. 

II. Transgenic animals containing an unrearranged heavy, 
and unrearranged light immunoglobulin transgene 

III. Transgenic animal containing rearranged heavy and an 
unr arranged light immunoglobulin transgene, and 

. IV. Transgenic animals containing rearranged h avy and 
r arranged light immunoglobulin transgenes. 
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0£ these categories of transgenic the 
^eferre. order o* preference is as ''"-^^^^J/^f. 
Lre the endogenous ^ jro:orr:=^i^aticn (or 

r rnlxTxxl > riSTthe endogenous Ught 
= "l:: ::rirn:t^r Kn^ocKea out ana ^st he dominated h, 
allelic exclusion. 

EXPERIMENTAL EXAMPLES 

iransgenic mice are d«i „tory Manual", 

al., ..Manipulating the Mouse Embryo^ A ^ 
cold spring Harhor Laboratory, which is inoorp 

"'^^"-Enhryonic ste. cells are manipulated according to 

.uhushed procedures rc:e:::orer:^^-s, 

cells: a practical approach, E-^- 342M35-438 
Washington. D.C.. 1.87; ^ ^^I^^, («s,,, 

fl989) r and Schwartzberg et al. , science 

,0 ^c: I; «.ach is incorporated herein ^^f™ 
' bNA cloning procedures are carriea o 
sa^ooK, et al. in Molecular Cloning: A -ab™ 
T ,^ 1989 cold spring Harbor Laboratory Press, 

ManuaL, 2d ed. , 1989, coia p ._^„orated herein by 

cold spring Harbor, N.Y., which xs incorpor 

2S -^—-^^^^^^^^,,,,,,33 are synthesized on an Applied Bio 
systems oligonucleotide synthesizer according to 

30 according Z -Antibodies: A "^^^^^^^ ^ 

• David Lane, Cold spring Harbor Laboratory (1988), whi 
incorporated herein by reference. 

CTf MPLE 1- 

«.aw Ch:...n TTnm.n T g Transgen e 

This Example d scribes the cloning and 
^cr injection of a human g nomic h avy chaxn a^^Bun gl bulxn 
ZZs,L Which is microinjected into a murxne zygote. 
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10 



Nuclei are isolated from fresh human placental 
tissue as described by Marzluff et al., "Transcription and 
Translation: A Practical Approach", B.D. Hammes and 
S.J. Higgins, eds., pp. 89-129, IRL Press, Oxford (1985)). 
The isolated nuclei (or PBS washed human spermatocytes) are 
embedded in a low melting point agarose matrix and lysed with 
EDTA and proteinase k to expose high molecular weight DNA, 
which is then digested in the agarose with the restriction 
enzyme NotI as described by M. Finney in Current Protocols in 
Molecular Biology (F. Ausubel, et al., eds. John Wiley & Sons, 
Supp. 4, 1988, Section 2.5.1). 

The NotI digested DNA is then fractionated by pulsed 
field gel electrophoresis as described by Anand et al., 
M„,.i. Aeids Res . 17:3425-3433 (1989). Fractions enriched for 
15 the NotI fragment are assayed by Southern hybridization to 
detect one or more of the sequences encoded by this fragment, 
such sequences include the heavy chain D segments, J segments, 
M and 71 constant regions together with representatives of all 
6 VH families (although this fragment is identified as 670 kb 
20 fragment from HeLa cells by Berman et al. (1988), saEEa- / we 
have found it to be as 830 kb fragment from human placental an 
sperm DNA). Those fractions containing this NotI fragment 
(see Pig-. 4) are pooled and cloned into the NotI site of the 
vector pYACNN in Yeast cells. Plasmid pYACNN is prepared by 
25 digestion of pYAC-4 Neo (Cook et al. , Wnrleic Acids R^s. 16: 
11817 (1988)) with EcoRI and ligation in the presence of the 
oligonucleotide 5' - AAT TGC GGC CGC - 3*. 

YAC clones containing the heavy chain NotI fragment 
are isolated as described by Brownstein et al., SSiSDSe 
30 241:1348-1351 (1989), and Green et al., proc, N^tJ.. ftcgd, ^cXu 
USA 12:1213-1217 (1990), which are incorporated herein by 
reference. The cloned NotI insert is isolated from high 
molecular weight yeast DNA by pulse field gel electrophoresis 
as described by M. Finney, op cit. The DNA is condensed by 
35 the addition of 1 mM sp rmine and microinjected dir ctly into 
the nucleus f single cell embryos previously described. 
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FY&MPLE 2 



Genomic Light Chain Human Ig Transgene 

5 A map of the human k light chain has been described 

in Lorenz et al. , mr^ Acids Res. 15:9667-9677 (1987), which 
is incorporated herein by reference. 

A 450 kb Xhol to NotI fragment that includes all of 
C the 3- enhancer, all J segments, and at least five 
10 different V segments is isolated and microinjected into the 
nucleus of single cell embryos as described in Example 1. 

KXAMPLE 3 

Genomic k Light Chain Human Ig Transgene 
P^^^H bv I- ^r,.rr. Hniroloaons FPrrnnb^-nation 

A 750 kb Mlul to NotI fragment that includes all of 
the above plus at least 20 more V segments is isolated as 
described in Example 1 and digested with BssHII to produce a 

fragment of about 400 kb. 

The 450 kb Xhol to Not! fragment plus the 
approximately 400 kb Hlul to BssHII fragment have sequence 
overlap defined by the BssHII and Xhol restriction sxtes. 
Homologous recombination of these two fragments upon 
microinjection of a mouse zygote results in a transgene 
containing at least an additional 15-20 V segments over that 
found in the 450 kb XhoI/NotI fragment (Example 2) . 

3Q KXAMPLE 4 

n^r.^-ry^fri^ion of P '>' ^^ f^^ai" Mini-LocUS . 
A. r«ngtrueti /->" pGPI and pGP2 

PBR322 is digested with EcoRI and Styl and Ixgated 
■ with the following oligonucleotides to generate pGPl which 
35 contains a 147 base pair insert containing the restriction 
sites shown in Fig. 8. The general overlapping of these 
ligos is also shown in Fig. 9. 



wo 93/12227 



PCr/US92/10983 



10 



15 



20 



■ 59 

The oligonucleotides are: 



oligo-1 


5» 


- CTT 
TTT 


GAG 
TTG 


CCC 
CAT 


GCC 
ACT 


TAA 
GCG 


TGA 
GCC 


GCG 


GGC 


TTT 


oligo-2 


5' 


- GCA 
GCA 


ATG 
TCG 


GCC 
ATA 


TGG 
TCT 


ATC 
AGA 


CAT 
GCT 


GGC 
CGA 


GQks 
GCA 


-3 • 


oligo-3 


5' 


- TGC 
CTT 


AGA 
ACG 


TCT 
CGT 


GAA 
ACT 


TTC 
AGT 


CCG 
GCG 


GGT 
GCC 


ACC 
GCT 


AAG 
-3' 


oligo-4 


5' 


- AAT 
GCT 


TAG 
TGG 


CGG 
TAC 


CCG 
CCG 


CAC 
GGA 


TAG 
ATT 


TAC 
- 3" 


GCG 

f 


TAA 


oligo-5 


5' 


- CAG 
TCG 


ATC 
ATG 


TGC 
CTA 


ATG 
GCG 


CTC 
CGC 


GAG 
CAT 


CTC 
GGA 


TAG 
TCC 


ATA 
- 3« 


oligo-6 


5« 


- AGG 
AAA 


CCA 
AGC 


TTG 
CCG 


CGG 
CTC 


CCG 
ATT 


CAG 
AGG 


TAT 
CGG 


GCA 
GCT 


AAA 
- 3« 



This plasmid contains a large polylinker flanked by 
rare cutting NotI sites for building large inserts that can be 
isolated from vector sequences for microinjection. The 
plasmid is based on pBR322 which is relatively low copy 
25 compared to the pUC based plasmids (pGPl retains the pBR322 
copy number control region near the origin of replication) . 
Low copy number reduces the potential toxicity of insert 
sequences. In addition, pGPl contains a strong transcription 
terminator sequence derived from trpA (Christie et al., Pgoc. 
30 f^r^-^A. sei. USA 78:4180 (1981)) inserted between the 

ampicillin resistance gene and the polylinker. This further 
reduces the toxicity associated with certain inserts by 
preventing readthrough transcription coming from the 

ampicillin promoters. 
35 Plasmid pGP2 is derived from pGPl to introduce an 

additional restriction site (Sfil) in the polylinker. pGPl is 

digested with Mlul and Spel to cut the recognition sequences 

in the polylinker portion of the plasmid. 

The following adapter oligonucleotides are ligated 
40 to the thus digested pGPl to form pGP2. 



5« CGC GTG GCC GCA ATG GCC A 3 ' 
5' CTA GTG GCC ATT GCG GCC A 3" 
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1 r%rT3i pvcent that it contains an 
pGP2 is identical to pGPl excepi^ i^na ^ ^ 

.aditicnax Sfi X site located between the 

This allows inserts to be completely excised wxth Sf.I 

as with Notl. 

An enhancer sequence located downstream of the rat 

• in the heavy chain constructs, 

constant region is included m the heavy 

Tae heavy chain region 3' enhancer described by 
^ oi Mature 344:165-168 (1990), which is 
" :i;;if^ei;;ence, U isolated and cloned^ The 

^r^H 3. enhancer sequence Is PCR amplified by us.n, the 
following oligonucleotides: 

X5 5' CAG GAT CCA GAT ATC AGT ACC TGA AAC AGG GCT TGC 3* 
5. GAG CAT GCA CAG GAC CTG GAG CAC ACA CAG CCT ?CC 3' 

The thus formed double stranded DNA encoding the 3 • 
enhancer is cut with BamHI and SphI and clone into BamHI/SphI 
20 cut P6P2 to yield PRE3 (rat enhancer 3') • 



C. 



rlnnin n- ""^ Human T-ft Region 

I su«,stantial portion of this region is clon«i W 
co-hinin, t«o or more fragments isolated from phage la»hda 

.5 insert,. ^« ^^ent that includes all ' 

A b.J ^' FMBO J 7:1047-1051 (1988); 

human J segments (Matsuda et al., m^Q^r Z-i 
Ravetech et al.m Cell, 22:583-591 (1981) , which are 
incorporated herein by reference) is isolated from^^an^ 
30 genomic DNA library using the oligonucleotide GGA CTG TGT 
TGT GTG ATG CTT TTG ATG TCT ^feG GCC AAG. - 

An adjacent 10 kb Hindlll/Bamll fragment that 
contains enhancer, switch and constant region coding exons 
(Lui et al., n.r..T.I^unol., 19:13^^-1403 (1989)) is 
35 Similarly is lated- using th oligonucleotide: 
" Z Z lrr GAC CTG CCT GGT CAC AGA CCT GAC - -A^- 

An adjacent 3- 1.5 kb BamHI fragm nt is similarly 
isolated using clone pMDM insert as pr be. (pMDM xs 4 kb 



wo 93/12227 



PCT/US92/10983 



10 



61 

EcoRI/Hindlll fragment isolated from human genomic DNA library 
with oligonucleotide: 

CCT GTG GAC CAC CGC CTC CAC CTT CAT 
CGT CCT CTT CCT CCT 
mi membrane exon 1) and cloned into pUC19. 

pGPl is digested with BamHI and Bglll followed by 
treatment with calf intestinal alkaline phosphatase. 

Fragments (a) and (b) from Fig. 9 are cloned xn the 
digested pGPl. A clone is then isolated which is oriented 
such that 5- BamHI site is destroyed by BamHI/Bgl fusion. It 
is identified as pMU (see Fig. 10) . pMU is digested with 
BamHI and fragment (c) from Fig. 9 is inserted. The 
orientation is checked with Hindlll digest. The resultant 
plasmid pHIGl (Fig. 10) contains an 18 kb insert encoding J 
15 and Cn segments. 

D. rinnina o ^' Region 

pGPl is digested with BamHI and Hindlll is followed 
by treatment with calf intestinal alkaline phosphatase (Fig. 
14). The so treated fragment (b) of Fig. 14 and fragment (c) 
of Fig. 14 are' cloned into the BamHI/Hindlll cut^pGPl. Proper 
orientation of fragment (c) is checked by Hindlll digestion to 
form pCONl containing a 12 kb insert encoding the Cm region. 

Whereas pHIGl contains J segments, switch and n 
sequences in its 18 kb insert with an Sfil 3- site and a Spel 
5. site in a polylinker flanked by NotI sites, will be used 
for rearranged VDJ segments. pCONl is identical except that 
it lacks the J region and contains only a 12 kb insert. The 
use of pCONl in the construction of fragment containing 
rearranged VDJ segments will be described hereinafter. 

E. rinnina of y-i Cons tant Region fpREG2). 

The cloning of the human y-1 region is depicted in 

Fig. 16. 

Yamamura et al. , Pr-nn. watl ftrad. Scj, Ugft 
82:2152-2156 (1986) reported th expression of membrane b und 
human 7-1 from a transgene construct that had been partially 
deleted n integrati n. Their results indicate that the 3 • 



20 



25 



30 



35 
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transmembrane rearranged and the 

With a V.C intron of -s^ ^e' entire ^wi.;. region is 

unrearranged, unswitched gene the enti 

5 included in a see^ence ^^^^ ^^^^^^ 

end of the first yl constant exon. Thereror . 
\Z s. 5 3 kb Hindlll fragment (Ellison et al., msXSiZ 

10.^71-4079 (1982), which is incorporated herein 
^SidaJBSS^ ifi:4071-4079 19 ) , ^^^^^^ ^ 

by reference) . Takahashi et al. , cgiA _ ™orts that 

mcluae axx oi nucleotide sequence of 

construct. «. Intronio se.r.en=e - ^ ^^^f J'j,^^ 
15 at least 15 contiguous nucleotides that occurs in 

a specifi^^^e ^^^^^^^ _ 

laenti^ie. an! isolate, .sin, the .cllowin, oU^onucleot.^ 
Which is specific for the third exon of y-T (CH3) . 

m" 5. TSR GCC ACG AAG ACC CTG ftGG > 

TCi ACT TC& ACT SGT iCG TGS 3' 

A 7.7 B. Hindlll to Bglll frag-ent (fragment (a) in 

- - ir.r.^ir^^:'^" ^^^^ 

rc^r^tcHi^rTirested^l « for.^=. correct 
orientation i. confir^d by B«.BI/speI digestion. 

" described pWd pHXOi con^i» 

^ . se,^ »d th. c. constant ^ 
a transgene containing the C constant f^^*^, ^ 

■ was digested with sfix <ng. 10 '^^V„^,„^, 

35 also digested With Sfil to produce a 13. S 1*^ 

ex ns and the rat 3- nhancer ^^f^,,,. 

= miences were conbined to produce the plasmid pHIG3 (rig 
s quences were constant 
12) c ntainlng the huiran J segm nts, the nu» 
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region, the human C7I constant region and the rat 3' enhancer 
contained on a 31.5 kb insert. 

A second plasmid encoding human Cm and human C7I 
without J segments is constructed by digesting pCONl with Sfil 
and combining that with the Sfil fragment containing the human 
C7 region and the rat 3 • enhancer by digesting pREG2 with 
Sfil. The resultant plasmid, pCON (Fig. 12) contains a 26 kb 
Motl/spel insert containing human C/x, human 7I and the rat 3- 
enhancer sequence. 



10 



G. rjlonina rt-e n secnnent 

The strategy for cloning the human D segments is 
depicted in Fig. 13. Phage clones from the human genomic 
library containing D segments are identified and isolated 
15 using probes specific for diversity region sequences (Ichihara 
et al., EMBO J . 7:4141-4150 (1988)). The following 
oligonucleotides are used: 



20 



DXPl: 5' - TGG TAT TAG TAT GGT TOG GGG AGT TAT TAT 

AAC CAC AGT GTC - 3« 

DXP4: 5' - GCC TGA AAT GGA GCC TCA GGG CAC AGT GGG 

CAC GGA CAC TGT - 3« 

25 DN4: 5' - GCA GGG AGG ACA TGT TTA GGA TCT GAG GCC 

GCA CCT GAC ACC - 3* 

A 5.2 kb Xhol fragment (fragment (b) in Fig. 13) 
containing DLRl, DXPl, DXP'l, and DAI is isolated from a phage 
30 clone identified with oligo DXPl. 

A 3.2 kb Xbal fragment (fragment (c) in Fig. 13) 
containing DXP4, DA4 and DK4 is isolated from a phage clone 
identified with oligo DXP4. 

Fragments (b) , (c) and (d) from Fig. 13 are combined 
35 and cloned into the Xbal/Xhol site of pGPl to form pHIG2 which 
c ntains a 10.6 kb insert. 

This cl ning is performed s quentially. First, the 
5.2 kb fragment (b) in Fig. 13 and the 2.2 kb fragment (d) of 
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Fig. 13 are treated with calf intestinal alkaline ph sphatase 
and cloned into pGPl digested with Xhor and Xbal. The 
resultant clones are screened with the 5.2 and 2.2 kb .nsert 
Half of those clones testing positive with the 5.2 and 2.2 kb 
inserts have the 5.2 kb insert in the proper orientation as 
determined by BaBHI digestion. The 3.2 kb Xbal fragment from 
Fig. 13 is then cloned into this intermediate plasmxd 
containing fragments (b) and (d) to form pHIG2. This plasmxd 
contains diversity segments cloned into the polylinker with a 
unique 5' Sfil site and unique 3' Spel site. The entire 
polylinker is flanked by NotI sites. 



H rnn«rhTTicti »" Heav>r Chain Minilocus 

The following describes the construction of a human 
heavy chain mini-locus which contain one or more V segments. 

An unrearranged V segment corresponding to that 
identified as the V segment contained in the hybridoma 
of Newkirk et al., .t nin. Invest. 81:1511-1518 (1988). which 
is incorporated herein by reference, is isolated using the 
following oligonucleotide:' ' ^ 

5- - GAT CCT GGT TTA GTT AAA GAG GAT TTT 
ATT CAC CCC TGT GTC - 3' 

A restriction map of the unrearranged V segment is 
determined to identify unique restriction sites which provide 
upon digestion a DNA fragment having a length approximately 2 
kb containing the unrearranged V segment together with 5' and 
3. flanking sequences. The 5' prime sequences will include 
promoter and other regulatory sequences whereas the 3* 
flanking sequence provides recombination sequences necessary 
for V-DJ joining. This approximately 3.0 kb V segment insert 
is cloned into the polylinker of pGB2 to form pVHl. 

pVHl is digested with Sfil and the resultant 
fragment is cl ned int the Sfil site of pHIG2 t f rm a 
pHi65«. Since PHIG2 contains D segm nts nly, the resultant 
PHIG5' plasmid c ntains a single V segment together with D 
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segments. The size of the insert contained in" pHIG5 is 10.6 
kb plus th size of the V segment insert. 

The insert from pHIG5 is excised by digestion with 
NotI and Spel and isolated. pHIG3 • which contains J, Cm and 

5 C7l segments is digested with Spel and NotI and the 3' kb 
fragment containing such sequences and the rat 3 • enhancer 
sequence is isolated. These two fragments are combined and 
ligated into NotI digested pGPl to produce pHIG which contains 
insert encoding a V segment, nine D segments, six functional J 

10 segments. Cm, C7 and the rat 3' enhancer. The size of this 
insert is approximately 43 kb plus the size of the V segment 
insert. 

I. construction of Heavy Chain Minilocus 

15 . by Homologous R e r-ombination 

As indicated in the previous section, the insert of 
pHIG is approximately 43 to 45 kb when a single V segment is 
employed. This insert size is at or near the limit of that 
which may be readily cloned into plasmid vectors. In order to 

20 provide for the use of a greater number of V segments, the 
following describes in vivo homologous , recombination of 
overlapping DNA fragments which upon homologous recombination 
within a zygote or ES cell form a transgene containing the rat 
3« enhancer sequence, the human Cm, the human C7I, human J 

25 segments, human D segments and a multiplicity of human V 
segments. 

A 6.3 kb BamHI/Hindlll fragment containing human J 
segments (see fragment (a) in Fig. 9) is cloned into Mlul/Spel 
digested pHIGS' using the following adapters: 



30 



35 



5' GAT CCA AGC AGT 3* 

5' CTA GAC TGC TTG 3' 

51 CGC GTC GAA CTA 3» 

5« AGC TTA GTT CGA 3* 



40 



The resultant is plasmid d signat d pHIGS'O 
(overlap) . The insert contained in this plasmid contains 



wo 93/12227 



PCr/US92/10983 



66 



,, D and J seg^nts. When the single V -<^^^J"' 
pVHl is used, the size of this Insert is approximately 17 kb 
pl^ . This insert is isolated and co-,ined wxth the 

Lert from pHIGS- which contains the human J, c^. 7l and rat 
r^a^" Uen— Both inserts contain human ^ segments 
^r^ide tor approximately 6.3 >* of overlap het«e^ the 
to Z fragments. «hen coinjeoted into the mouse zygote, 
SL^lo^u. recombination occurs generating a transg«» 
equivalent to the insert contained in PHIG. 

This approach provides for the addition of a 
multiplicity Of V segments into the transgene formed iJ, ^- 
"or iampl., i-tead of incorporating a single V segment »^ 
PHIGS., a multipUcity of V segments contained on (1) isolated 
genomic DH^, (2) lig»"d DHA derived from genomic 
DHA encoding a synthetic V segment repertoire - =1="^ 
PHIS2 at the Sfil site to generate pHISS- v„. The J .e^«ts 
f«gment (a, of Fig. . is then cloned into PH^« ' '» , 
ins^ isolated. This insert now contains a multiplicity of 
segments and J segments which overlap with the J segments 
contained on the insert isolated from P««'- ^"T^. „ 
cointroduced into the>nucleus of a mouse zygote, homologous 
recombination occurs to generate in sisa the transgene 
lidding multiple V segments and multiple J segments multiple 
Hsgm^, the cm region, the Cyl region (all from human, and 
the rat 3* enhancer sequence. 

BY&MPI.E S 

The construction of pEMl is depicted xn Fxg. 16. 
The BOUse heavy chain enhancer is isolated on the Xhal to 
EcoRI 678 bp fragment (Banerji et al., fiall 32:729-740 (1983)) 
from phage clones using oligo: 

5« GAA TG6 GAG TGA GGC TCT CTC ATA CCC 
TAT TCA GAA CT6 ACT 3 » 
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This Ell fragment is cloned into EcoRV/Xbal digested 

pGPl by blunt end filling in EcoRI site. The resultant 
plasmid is designated pEmul. 

5 B. construction Of k T.iaht chRin Minilocus 

The K construct contains at least one human 
segment, all five human segments, the human J-C^ enhancer, 
human k constant region exon, and, ideally, the human 3' k 
enhancer (Meyer et al., embo J . 8:1959-1964 (1989)). The k 
10 enhancer in mouse is 9 kb dovmstream from C^. However, it is 
as yet unidentified in the human. In addition, the construct 
contains a copy of the mouse heavy chain J-Cm enhancers. 

The minilocus is constructed from foxir component 

f ragm^ts : 

15 (a) A 16 kb Smal fragment that contains the human 

exon and the 3 • human enhancer by analogy with the mouse 
locus; 

(b) A 5' adjacent 5 kb Smal fragment, which 
contains all five J segments; 

20 (c) The mouse heavy chain intronic enhancer 

isolated from pE/xl (this sequence is included to induce 
expression of the light chain construct as early as possible 
in B-cell development. Because the heavy chain genes are 
transcribed earlier than the light chain genes, this heavy 

25 chain enhancer is presumably active at an earlier stage than 
the intronic k enhancer) ; and 

(d) A fragment containing one or more V segments. 
The preparation of this construct is as follows. 
Human placental DNA is digested with Smal and fractionated oh 

30 agarose gel by electrophoresis. Similarly, human placental 
DNA is digested with BamHI and fractionated. by 
electrophoresis. The 16 kb fraction is isolated from the Smal 
digested gel and the 11 kb region is similarly isolated from 
the gel containing DNA digested with BamHI. 

35 The 16 kb Smal fraction is cloned into Lambda FIX II 

(Stratagene, La J 11a, California) which has been dig st d 
with Xh I, tr ated with klenow fragment DNA p lymerase to fill 
in the Xh I restriction digest product. Ligation of the 16 kb 
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^-v,. smal sites and lases Xhol sites 
Smal fraction destroys the Siual sir 

The 11 3cb Ba^nHX fraction is cloned into X EKB^ 

Jolla California) which is digested with 
(Strategene, La Jolia, 

i BamHI prior to cloning. ^.^ Ck 

Clones from each library were p 

specific oligo: 

, ^ X.OX insert tna. wa. su^Xone. in^ the XhoX 
so ttot 0« is adjacent to t>.e S^I s.te. T.e 

S .esuxtant pXas»id »as "^-^^^f ^^^^ ;,,,„,,.e is used to 

- The above C« specific ^ a> clone. A 

p„be tne X EHBL3/Ba^I ^"-^^^^^^ ,^ subcloned and 
5 ,* smal fragment (fragment (W in m ) ^^^^ 

----"V"^Ct.r::rc^ o rSSon of . segments, c. 
SO plasBids containing the corre 

a„a the enhancer are ^^'^^^^ ^^^^^^ snbclcned 

one or^ more -tT^HZ ^:^^,, pKapH which 
into the Hlnx site of p^^^o yiei 

the h«^ -Z^^^^'^,, «^„=er. This insert is 
previously described. 

. . ' L Il Xb BamHI fragment is Cloned ^t= ^ ^ - 
3S digested P«X such that the 3- e^^« te f ml^ V. 

^ „sultant plasmid is ^^^^^^t»een the ^ an- 
segments is inserted into the ^^^^^^ ^^apW is 

spel sites in pKM-int t form pKapH7. Th l 
^ised hy digest! n with K tx ^ ^^^^^^ ^^^^ ^ f 
^ «r> -5.5 excis d by digestion with Noti ana pu^ 
40 pKap2 is excxs a. ^ v,r.™oioav in that the 

these fragments contain regions of homology in 



wo 93/12227 



PCr/US92/10983 



69 



10 



15 



fragment from pKapHV contains a 5 kb sequence of DNA that 
include the segments which is substantially hom logous to 
the 5 kb Smal fragment contained in the insert obtained from 
pKap2. AS such, these inserts are capable of homologously 
recombining when microinjected into a mouse zygote to form a 
transgene encoding V^, and C^. 

FYAMPLE 6 

Isolation of Genomic Clones 
corresponding to Rearranged and Expressed 
TTnmunn ^-K^^i^n . t.iaht Cham Cengs 

This example describes the cloning of immunoglobulin 
K light chain genes from cultured cells that express an 
immunoglobulin of interest. Such cells may contain multiple 
alleles of a given immunoglobulin gene. For example, a 
hybridoma might contain four copies of the k light chain gene, 
two copies from the fusion partner cell line and two copies 
from the original B-cell expressing the immunoglobulin of 
interest. Of these four copies, only one encodes the 
iHUOunoglobulin of interest, despite the fact that several of 
, them may be rearranged. The procedure described xn this 

example allows for the selective cloning of the expressed copy 
25 of the K light chain. 

. A. pmiMe Sf rf*nA&d cDNA 

cells from human hybridoma, or lymphoma, or other 
cell line that synthesizes either cell surface or secreted or 

30 both forms of IgM with a k light chain are used for the 
isolation of polyA+ RNA. The RNA is then used for the 
synthesis of oligo dT primed cDNA using the enzyme reverse 
transcriptase. The single, stranded cDNA is then isolated and 
G residues are added to the 3« end using the enzyme 

35 polynucleotide terminal transferase. The Gtailed 

single-stranded cDNA is then purified and used as template for 
second strand synthesis (catalyzed by the enzyme DNA 
polymerase) using the following oligonucleotide as a primer: 



20 



40 



5» - GAG GTA CAC TGA CAT ACT GGC ATG CCC 
CCC CCC CCC - 3' 
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10 



15 



20 



The double stranded cDNA is isolated" and used for 
determining the nucleotide sequence of the 5 end of 

,e„es are then isolated. The P-^^^^ 

Lpressed light chain gene is outlxned xn part B belo». 

B. T.iqbt Chain . 

The douhle stranded cDHA described in. » is 

denatured and used as a te^late for a third round of DMA 
s^^is using the following oligonucleotide prXMer: 

,„tains^^^^^^^^ _ 

— ITL. as well as 
^t can he used as a primer ^^^^J^^Zc lT^ ^ 
newly synthesized ^^^^ J^^^^^^L^,, the foUowin, 
AAG). The /sequence is ampixrxea r ?\ 
two oligonucleotide primers: 



rac GTA CAC TGA CAT ACT GGC ATG -3* 
25 - GTA CAC T^^ ,3. 

The PCR amplified sequence is then purified by gel 
30 electrophoresis and used as template for dideoxy sequencing 
:i::SoL using the following Oligonucleotide as a prxmer: 

5. - GAG GTA CAC TGA CAT ACT GGC ATG -3' 

The first 42 nucleotides of sequence will then be 
used to synthesi^e a unique probe for iso-ing^e gene^^ ^ 
Which immunogl bulin message was transcribed 
42 nucle tide segment of DNA will be referr d t bel w as 

o-kappa. ^^^^ ^^^^ isolated from th Ig 

e^ressing cell line and digested individually and in pa^xse 
:^ix.ations with several different restriction endonucleases 
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including Smal, is then probed with the 32-P ikbelled unique 
oligonucleotide o-kappa. A unique restriction endonuclease 
site is identified upstream of the rearranged V segment. 

DNA from the Ig expressing cell line is then cut 
5 with Smal and second enzyme (or BamHI or Kpnl if there is Smal 
site inside V segment) . Any resulting non-blunted ends are 
treated with the enzyme T4 DNA polymerase to give blunt ended 
DNA molecules. Then add restriction site encoding linkers 
(BamHI, EcoRI or Xhol depending on what site does not exist in 

10 fragment) and cut with the corresponding linker enzyme to gxve 
DNA fragments with BamHI, EcoRI or Xhol ends. The DNA is then 
size fractionated by agarose gel electrophoresis, and the 
fraction including the DNA fragment covering the expressed V 
segment is cloned into lambda EMBL3 or Lambda FIX (Stratagene, 

15 La Jolla, California) . V segment containing clones are 

isolated using the unique probe o-kappa. DNA is isolated from 
positive clones and subcloned into the poly linker of pKapl. 
The resulting clone is called pRKL. 

20 PiXAMPLE 7 

Isolation of Genomic Clones i \ 

corresponding to Rearranged Expressed Copies 

ftf Tmiiui i"r,1obiilln H«>aw Chain u Genes 

This example describes the cloning of immunoglobulin 
25 heavy chain m genes from cultured cells of expressed and 

immunoglobulin of interest. The procedure described in this 
example allows for the selective cloning of the expressed copy 
of a n heavy chain gene. 

Double-stranded cDNA is prepared and isolated as 
30 described herein before. The double-stranded cDNA is 

denatured and used as a template for a third round of DNA 
synthesis using the following oligonucleotide primer: 



35 



5« - GTA CGC CAT ATC AGC TGG ATG AAG ACA GGA GAC 

GAG GGG GAA AAG GGT TGG GGC GGA TGC - 3* 

This primer contains sequences specific for th 
c nstant porti n of the m heavy chain message (ACA GGA GAC GAG 
GGG GAA AAG GGT TGG GGC GGA TGC) as well as unique sequences 
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jiaG) . The sequence is aiipllf lea oy 
two oligonucXeotiae primers: 

^ 5. -GRGGTHCACTGRC&T ACTGGCATG- 3- 

5. - GTA CTC CAT MC MC TGG ATG AAG - 3- 

The PCR ampUfied sequence is then purifiea by gel 
XO exectrophoresis a»l usea as tenpXate fcr aiaeoxy se^e^ng 
IctioL using the foXXcwing oXigcnucXeotiae as a primer. 

5. - GAG 6TA CAC TGA CAT ACT GGC ATG - 3- 

The first 42 nuoxeotides ot sequence are th^ usea 
to synthesi^e a uni^e probe .or UoXating - gene ^^^^^^ 
Which immunoglobulin message was transcrxoea ^ ^ ^ 
« lleotia! segment of DHA wiXX be referred to beXow as 

. ''^-^rai:e:::;rnrr.ra::^"pair^^^^ 

=:SL:%irs:vrx^«erent -triction^aonucx^ases 

Xncxuaxng HXuI (HXuX is a '^l^^'^ ^^^^^ 
between the J segment and mu CHI) , xs then proD 
25 32-P labelled unique oligonucleotide o-mu. A unxque 

resLiction endonuclease site is identified upstream of the 

rearranged V segment. 

DNA from the Ig expressing cell Ixne xs 
with Mlul and second enzyme. Mlul or Spel adapter Ix^e^ are 
30 2Z Ugated onto the ends and cut to -vert ^e^^^^^^^^ 
site to Mlul or sper. The DNA is then sxze 
agarose gel electrophoresis, and the fractxon xncludrng the 

dL fragment covering the expressed V segment 
DHA xrag segment containing clones 

directly into the plasmxd pGPI. V segme 
35 are isolated using the unique probe o-mu, and the ins^ 
:^ci ned into Mlux or Mlux/spex cut plasmid PC0N2. The 

resulting plasmid is called pRHGH. 
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EXAMPLE 8 

rnx^ s-hraietLion of Wnwan k Miniloei Transqenes 
T.4q>^^ rha^T^ Mtniloeus 

A human genomic DNA phage library was screened with 
5 kappa light chain specific oligonucleotide probes and isolated 
clones spanning the J^-C region. A 5.7 kb Clal/Xhol fragment 
containing J^l together with a 13 kb Xhol fragment containing 

and into pGPld was cloned and used to create the 
plasmid pKcor. This plasmid contains J^l-S, the kappa 
10 intronic enhancer and together with 4.5 kb of 5« and 9 kb 
of 3' flanking sequences. It also has a unique 5« Xhol site 
for cloning segments and a unique 3' Sail site for 
inserting additional cis-acting regulatory sequences. 

15 V kappa genes 

A human genomic DNA phage library was screened with 
light chain specific oligonucleotide probes and isolated 
clones containing human segments. Functional V segments 
were identified by DNA sequence analysis. These clones 

20 contain TATA boxes, open reading frames encoding leader wid 
variable peptides (including 2 cysteine residues), splice 
sequences, and recombination heptamer-12 bp spacer-nonamer 
sequences. Three of the clones were mapped and sequenced. 
Two of the clones, 65.5 and 65.8 appear to be functional, they 

25 contain TATA boxes, open reading frames encoding leader and 
variable peptides (including 2 cysteine residues), splice 
sequences, and recombination heptamer-12 bp spacer-nonamer 
sequences. The third clone, 65.4, appears to encode a 
pseudogene as it contains a non-canonical recombination 

30 heptamer. 

One of the fvmctional clones, Vk 65-8, which encodes 
a Vklll family gene, was used to build a light chain minilocus 
construct. 

35 pKCl 

The kappa light chain minilocus transgen pKCl (Pig. 
32) was generated by inserting a 7.5 kb Xhol/Sall fragment 
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containing V. 65.8 into the =■ xhol site of pKcor. The 
transgene insert was isolated by digestion .,ith »otI prior to 

in j ection . . ^ ^i. 

The purified insert was microinjected into the 

5 pronuclei of fertilized (C57BL/6 x CBA)F2 mouse embryos and 
transferred the surviving embryos into pseudopregnant females 
as described by Hogan et al. (in Methods of "-"^P^^f ^^^^ 
Mouse Embryo, 1986, cold Spring Harbor Laboratory, New York) . 
Mice that developed from injected embryos were analyzed for 
10 the presence of transgene sequences by Southern blot analysis 
of tail DMA. Transgene copy number was estimated by band 
intensity relative to control standards containing known 
.Tuantities of cloned DNA. serum was isolated from these 
animals and assayed for the presence of transgene encoded 
X5 human' ig kappa protein by ELISA as described by Harlow and 
Lane (In Antibodies: A Laboratory Manual, 1988, Cold Spring 
Harbor Laboratory, New York). Microtiter plate wells were 
coated with mouse monoclonal antibodies specific for human Ig 
kappa (Clone 6E1, #0173, AMAC, Inc., Westbrook, ME), human igM 
20 (Clone AF6, #0285, AMAC, Inc., Westbrook, ME) and human IgGl 
(Clone JI.512. #0280, AMAC, Inc., Westbrook, ME). Serum 
samples were serially diluted into the wells and the presence 
of specific immunoglobulins detected with affinity isolated 
alkaline phosphatase conjugated goat anti-human Ig 
25 (polyvalent) that had been pre-adsorbed to minimize cross- 
reactivity with mouse immunoglobulins. 

Fig. 35 shows the results of an ELISA assay of serum 
from 8 mice (I.D. #676, 674, 673, 670, 666, 665, 664, and 
496) . The first seven of these mice developed from embryos 
30 that were injected with the pKCl transgene insert and the 
eighth memse is derived' from a mouse generated by 
microinjection of the pHCl transgers (described previously) . 
TWO of the seven mice from KCl injected embryos (I.D.# s 666 
and 664) did not contain the transgene insert as assayed by 
35 DAN S uthern bl t analysis, and five of the mice (I.D.# s 676, 
674, 673, 670, and 665) contained th transg ne. All" but one 
of the KCl transgene positive animals express detectable 
levels of human Ig kappa protein, and the single n n- 
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expressing animal appears to be a genetic mosaic on the basxs 
of DNA southern blot analysis. The pHCl positive transgenxc 
mouse expresses human IgM and IgGl but not Ig kappa, 
demonstrating the specificity of the reagents used xn the 



assay 
pKC2 



10 



15 



the kappa light chain minilocus transgene pKC2 was 
generated by inserting an 8 kb Xhol/Sall fragment containing 

65.5 into the 5- Xhol site of pKCl. The resulting 
transgene insert/which contains two V, segments, was isolated 
prior to microinjection by digestion with Notl. 



. This construct is identical to pKCl except that it 



includes 1.2 kb of additional sequence 5' of J, and is missing 
4.5 kb of sequence 3' of V, 65.8. In additional it contains a 

20 0.9 kb Xbal fragment containing the mouse heavy chain J-m 
intronic enbancei:^ (Banerji et al.. Ceil 12:729-740^(1983)) 
together with a 1.4 kb Mlul Hindlll fragment containing the 
human heavy chain J-m intronic enhancer (Hayday et al., Hatasg 
232:334-340 (1984)) inserted downstream. This construct tests 

25 the feasibility of initiating early rearrangement of the light 
chain minilocus to effect allelic and isotypic exclusion. 
Analogous constructs can be generated with different 
enhancers, i.e., the mouse or rat 3- kappa or heavy chain 
enhancer (Meyer and Neuberger, MSO_J. 8:1959-1964 (1989); 

30 Pettersori et al. Nature 2M:165-168 (1990), which are 
incorporated herein by reference) . 

p*»aTTanaeH J.^qht C Hain Tyansaenes 

A kappa light chain expression cassette was designed 
35 to rec nstruct functionally rearrang d light chain genes that 
have been amplified by Pcai from human B-cell DNA. Th scheme 
is outlined in Fig. 33. PCai amplified light chain genes are 
cl ned into the vector pKSnx that includes 3.7 kb of 5' 
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flanicing s quences isolated fro. the Kappa Ixght chaxn gene 
65 5 The VJ segment fused to the 5- transcrxptxonal 
sequences are then cloned into the unique Xhol site of the 
vector PK31S that includes the J, intronxc enhancer, c,, 

5 and 9 kb of downstream sequences. The resulting plasmxd 
contains a reconstructed functionally rearranged kappa Ixght 
chain transgene that can be excised with Not! for 
^croinjection into embryos. The plasmids ™ 
sail sites at the 3- end for the insertion of addxtxonal cxs- 
10 acting regulatory sequences. ,,,, 

TWO synthetic oligonucleotides (O-130, 0-131) were 
used . amplify rearranged kappa light chain genes from human 
spleen genomic DNA. Oligonucleotide o-l31 (gga ccc aga 
(g,c)gg aac cat gga a(g,a) (g,a,t,c)) is complementary to t^e 
15 5. region of V^II family light chain genes and overlaps the 
first ATC Of the leader sequence. Oligonucleotide o-130 (gtg 
caa tea att etc gag ttt gac tac aga c) is complementary to a 
sequence approximately 150 bp 3' of and includes an Xhol 
site. These two oligonucleotides amplify a 0.7 kb DNA 
20 fragment from human spleen DNA corresponding to rearranged 
' genes joined to segments. The PCR amplified DNA was 

digested with Ncol and Xhol and cloned individual PCR products 
into the plasmid pNN03. The DNA sequence of 5 clones was 
determined and identified two with functional VJ joints (open 
25 reading frames). Additional functionally rearranged Ixght 

chain clones are collected. The functionally rearranged clones 
can be individually cloned into light chain expressxon 
cassette described above (Fig. 33). Transgenic mice gen^ated 
with the rearranged light chain constructs can be bred wxth 
30 heavy chain minilocus transgenics to produce a strain of mxce 
that* express a spectrum of fully human antibodies in which all 
of the diversity of the primary repertoire is contributed by 
the heavy chain. One source of light chain diversity can be 
from somatic mutation. Because not all light chains will be 
35 equivalent with resp ct to th ir ability to c mbine with a 
variety f different heavy chains, different strains of mice, 
each containing different light chain c nstructs can be 
generated and test d. Th advantage of this scheme, as 
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opposed to the use of unrearranged light chain miniloci, is 
the incr ased light chain allelic and isotypic exclusion that 
comes from having the light chain ready to pair with a heavy 
chain as soon as heavy chain VDJ joining occurs. This 
5 combination can result in an increased frequency of B-cells 
expressing fully human antibodies, and thus it can facilitate 
the isolation of human Ig expressing hybridomas. 

NotI inserts of plasmids pIGMl, pHCl, pIGGl, pKCl, 
and pKC2 were isolated away from vector sequences by agarose 

10 gel electrophoresis. The purified inserts were microinjected 
into the pronuclei of fertilized (C57BL/6 x CBA)F2 mouse 
embryos and transferred the surviving embryos into 
pseudopregnant females as described by Hogan et al. (Hogan et 
ai., MAi-hods of M;,nipuiatim ^->^'' Embrvo. Cold Spring 

15 Harbor Laboratory, New York (1986) ) . 

EXAMPLE 9 

TTi^^^^^»4.von of- f,h^ M»» r'' ^'^""'^ t.iaht Chain Ge^f by Homologpus 
Recombination 

^° This example describes the inactivation of the mouse 

endogenous kappa locus by homologous recombination in 
embryonic stem (ES) cells followed by introduction of the 
mutated gene into the mouse germ line by injection of targeted 

25 ES cells bearing an inactivated kappa allele into early mouse 
embryos (blastocysts) . 

The strategy is to delete Jr and Cr by homologous 
recombination with a vector containing DNA sequences 
homologous to the mouse kappa locus in which a 4.5 kb segment 

30 of the locus, spanning the Jr gene and Cr segments, is deleted 
and replaced by the selectable marker neo. 

rr>i^ e^pietiQn of <^he kappg^ pargeting vector 

The plasmid pGEM7 (KJl) contains the neomycin 
35 resistance gene (neo) , used for drug selection of transf ected 
ES cells, und r the transcriptional control of the mouse 
ph sphoglyc rat kinase (pgk) promoter (Xbal/TaqI fragment; 
Adra et al.. Gene 60:65-74 (1987)) in the cloning vector pGEM- 
7Z£(+). The plasmid also includ s a h terologous 
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^^f^iSSSTpoI^t for construction of tte Kappa 
^ used as ^J^'^l^^^ « insert se<nences 

= roSroLr^^ -^^^ .cus 3. o. t.e neo egression 

House Kappa chain sequences (Fig. 20a, »ere isolated 
lil-rary derived £rcm Uver DHA using 
from a genomic phage iintaj-y ,«^„c- 
.0 oligonucleotide pro.es specific for the locus. 

S,. CCC TO. TOO TCC AC= M= T=T ATC CT CCC .C= ATC CX. 

^ So r /c^^tlcc ... CO 0.0 CO ... =0. ..0 - 

An 8 kb Bglll/Saci fragment extending 3 • of the 
.ouse C s:;L"J isoxatea from a Positive Pha.e cXo^e^ 
" ^ , , , ich Balll/SacI fragment and a 6.8 kd 

" rag:tnT»rs:."on:^ !nto U/sacX di.^^^ , 

- r: s-^r^ — ' - - r 

region «as ai;o isolated fro. a ^^'^^^^^'^^^a sfte of 

- :::teirnr,% r::a:Lrt j ugated 

TtTZ gl a«d the downstrea. Kappa seguences, to 

generate <^f- thymidine kinase (TK) 

The Herpes Simplex Virus (HSV) tnymioii 
= ^ ^uded in the construct in order to allo». for 
■""cZTS S c^es hearing homologous recomhl^, as 
enriclmel* of ES ol 336:348-352 (1988) , which 

3s ^htiu"- ---rtS^'-;rrcK:rh.te 

^ <K-. • ECOKX site of pOBH, was 
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modified to a Ba»HI site and the TK cassette was then excised 
as a BamHI/Hindlll fragment and subcloned into pGPlb to 
generate pGPlb-TK. This plasmid was linearized at the Xhol 
site and the Xhol fragment from pNE0-K5'3., containing the neo 
gene flanked by genomic sequences from 5- of J. and 3' of Ck, 
was inserted into pGPlb-TK to generate the targeting vector 
J/C KI (Fig. 20d). The putative structure of the genomic 
kappa locus following homologous recombination with J/C Kl is 
shown in Fig. 20e. 

»-p ceTi"^ with targpterl inactjvatiqr 



15 



20 



25 



fSaneration anc 



30 



35 



a leapp a allele 

The ES cells used were the AB-1 line grown on 
mitottcally. inactive SNL76/7 cell feeder layers (McMahon and 
Bradley, cgU 62:1073-1085 (1990)) essentially as described 
(Robertson, E.J. (1987) in Ter^tocarcinoin-.'- and Fmhryonic Stem 
n^^^^. I. Prac i-^r.ai Approach. E.J. Robertson, ed. (Oxford: IRL 
Press), p. 71-112). Other suitable ES lines include, but are 
not limited to, the E14 line (Hooper et al. (1987) HatuES 326: 
292-295) , the D3 line (Doetschman et al. (1985) J, EmbyVQ^. 
Fvp. Morph. SI'- 27-45), and the CCE line (Robertson et al. 
(1986) wature 323 ; 445-448). The success of generating a 
mouse line from ES cells bearing a specific targeted mutation 
depends on the pluripotence of the ES cells (i.e., their 
ability, once injected into a host blastocyst, to participate 
in enbryogenesis and contribute to the germ cells of the 

resulting animal) . 

The pluripotence of any given ES cell line can vary 
with time in culture and the care with which it has been 
handled. The only definitive assay for pluripotence is to 
determine whether the specif ic population of ES cells to be 
used for targeting can give rise to chimeras capable of 
germline transmission of the ES genome. For this reason, 
prior to gene targeting, a portion of the parental population 
of AB-1 cells is injected into C57B1/6J blastocysts to 
ascertain whether the cells are capable of generating chimeric 
mice with ext nsive ES cell contribution and whether th 
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15 



^jority Of these chimeras can transmit the ES genome to 

The Kappa chain i^activation vector J/C Kl was 
dlaested with HotI and electroporated into AB-l cells by the 
i^ral^lbed (Hasty et al.. m=.«-« 
Electroporated cells were plated onto 100 mm dishes at 
density of 1-2 =c 10« cells/dish. After 24 hours, G418 
aensiT^y oj. fO.SuM) were added to 

f200ug/inl of active component) and FIAU co.dmw; ^ ^ . 
l^uuMy/i»i^ clones were allowed to develop 

two potions, and -her^--- ZT^. 
derived from each clone were then frozen ana 
analyz«i for homologous recombination between vector and 

target sequences. 

DHA analysis was carried out by southern blot 

hybridization. DNA was isolated from the clones as 

^"and probed with the 800 bp EcoRX/Xbal '-r;"^-^-*"^ 
in Fig. 20. as prob. A. This probe detects a 3.7 Icb Xbal 

in the wild type locus, and a diagnostic 1^8 >cb band 
in a loco. Which has hcmblogously recombined with the 
feting vector (see Fig. 20. and e, . of 901 «18 and FIAt. 
resistant clones soreenl by Southern blot analysis, 7 
display«l the 1.8 kb Xbal band indicative of a homolo^us 
recLination into one of the >=appa genes. These 7 clcn^ 
were further digested with the enzymes Bglll, sad, and PstI 
to verify that the vector integrated homolcgously into one of 
the icappa genes. Hhen probed with the diagnostic 800 bp 
Lbi/^I £«9ment (probe A,, BglH, sad, and 
of wild type DBA produce fragments of 4.1, 5-4. ' 
respectively, whereas the presence of a targeted f^^^^^ 
would be indicated by fragments of 2.4, " 3, and 5.7 xd, 
respectively (see Fig. 20a and e, . All ""f 
detected by the Xbal digest showed the expected Bglll, Sad, 
: and PstI restriction fragments diagnostic of ^J'^J^^"^^ 
recombinati n at the kappa Ught chain. In addition. Southern 
bl t analysis f an Hsil digest of the targeted clon s using a 
neo specific probe (prob B, Fig. 20e) generated only the 
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predicted fragment of 4.2 kb, demonstrating that the clones 
each contained only a single copy of the targeting vector. 

n.^^^^ ^^ir.r. of mice b >'«^<na the inactivated Kapp^ gh^in 
5 Five of the targeted ES clones described in the 

previous section were thawed and injected into C57B1/6J 
blastocysts as described (Bradley, A. (1987) in 

n, 4.»^.,.,.-inn,nns and PffV^r-vonic SfPifl Cells t A Practical 

Ant^roach . E.J. Robertson, ed. (Oxford: IRL Press) , p. 113-151) 
10 and transferred into the uteri of pseudopregnant females to 
generate chimeric mice resulting from a mixture of cells 
derived from the input ES cells and the host blastocyst. The 
extent of ES cell contribution to the chimeras can be visually 
estimated by the amount of agouti coat coloration, derived 
15 from the ES cell line, on the black C57B1/6J background. 

Approximately half of the offspring resulting from blastocyst 
injection of the targeted clones were chimeric (i.e., showed 
agouti as well as black pigmentation) and of these, the 
majority showed extensive (70 percent or greater) ES cell 
20 contribution to coat pigmentation. The ABl ES cells are an XY 
cell' line and a majority of these high' percentage chimeras 
were male due to sex conversion of female embryos colonized by 
male ES cells. Male chimeras derived from 4 of the 5 targeted 
clones were bred with C57BL/6J females and the offspring 
25 monitored for the presence of the dominant agouti coat color 
indicative of germline transmission of the ES genome. 
Chimeras from two of these clones consistently generated 
agouti offspring. Since only one copy of the kappa locus was 
targeted in the injected ES clones, each agouti pup had a 50 
30 percent chance of inheriting the mutated locus. Screening for 
the targeted geiie was carried out by Southern blot analysis of 
Bgl Il-digested DNA from tail biopsies, using the probe 
utilized in identifying targeted ES clones (probe A, Fig. 
20e). AS expected, approximately 50 percent of the agouti 
35 offspring showed a hybridizing Bgl II band of 2.4 kb in 

additi n to the wild-type band f 4.1 kb, demonstrating the 
germline transmissi n of the targeted kappa 1 cus. 
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in order to generate mice homozygous for the 
.utation, heterozygotes were hred together ^^^^^^^^^ ^ 
^ «i» thft offspring determined as described above. As 

^i„^: wud-.vpe -ic. bearing two copies ot a nor^l Xap^ 

locus! heterozygoses carrying one targeted copy '^f 

gene one HT kappa gene, and mice homozygous tor the te»a 

mutation. 



EXAMPLE 10 

inrtf-r-^- ^^'^ W"""*^ ^^^^^ ^^^^ 
.0 B...^-i^^ ^^^^^^^^ inactivation of the 

endogenous murine immunoglobulin heavy ^-'^^'''^J^ 
homologous recombination in embryonic stem (ES) cells. The 
s'ltX is delete the endogenous heavy chain . segments by 
.S ::^l^us recombination with a vector -tainin. heavy chaxn 
sequences from which the region has been deleted and 
replaced by the gene for the selectable marker neo. 

f^ Ti »f ^ heP ^T targeting vet^^o^ 

Mouse heavy chain sequences containing the Jh regxon 
CPig. Zla, were isolated from a genomic P^^ge^^^^ ^^^^^ 
from the D3 ES cell line (Gossler et al., E ror. Natl. Acad . 
n.s.A. _8^:9065>9069 (1986)) using a Jh4 specific 
ligonudeotide pr be: 

5- ACT ATG CTA TGG ACT ACT GGG GTC AAG GAA CCT CAG TCA CCG 



30 



35 
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A 3.5 kb genomic SacI/StuI fragment, spanning the 
region, was isolated from a positive phage clone and subcloned 
into Sacl/Smal digested pUClB. The resulting plasmid was 
designated pUClB Jg. The neomycin resistance gene (neo) , used 
5 for drug selection of transfected ES cells, was derived from a 
repaired version of the plasmid pGEM7 (KJl) . A report in the 
literature (Yenofsky et al. (1990) Proc. yatl. ^c^d. Sci. 
fU.S.A.^ 87 ; 3435-3439) documents a point mutation the neo 
coding sequences of several commonly used expression vectors, 

10 including the construct pMClneo (Thomas and Cappechi (1987) 
Cell 51: 503-512) which served as the source of the neo gene 
used in pGEM7 (KTl) . This mutation reduces the activity of 
the neo gene product and was repaired by replacing a 
restriction fragment encompassing the mutation with the 

15 corresponding sequence from a wild- type neo clone. The 

Hindlll site in the prepared pGEM7 (KJl) was converted to a 
Sail site by addition of a synthetic adaptor, and the neo 
expression cassette excised by digestion with Xbal/Sall. The 
ends of the neo fragment were then blunted by treatment with 

20 the Klenow form of DNA poll, and the neo fragment was 
subcloned into the Nael site of pUClB Jy, generating the 
plasmid pUC18 Jg-neo (Fig. 21b) . 

Further construction of the targeting vector was 
carried out in a derivative of the plasmid pGPlb. pGPlb was 

25 digested with the restriction enzyme NotI and ligated with the 
following oligonucleotide as an adaptor: 

5«- GGC CGC TCG ACG ATA GCC TCG AGG CTA TAA ATC TAG AAG AAT 
TCC A6C AAA GCT TTG GC -3' 

30 

The resulting plasmid, called pGMT, was used to 
build the mouse ixmunoglobulin heavy chain targeting 
construct. 

The Herpes Simplex Virus (HSV) thymidine kinase (TK) 
35 gene was included in the construct in order to allow for 
enrichment of ES cl nes bearing homologous recombinants, as 
d scribed by Mans ur et al. ( Nature Hi, 348-352 (1988)). The 
HSV TK gene was obtained from the plasmid pGEM7 (TK) by 
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digestion with EcoRI and Hindlll. The TK DNA fragment was 
subdoned between the EcoRI and Hindlll sites of pGMT, 
creating the plasmid pGMT-TK (Fig. 2lc) . , , 

TO provide an extensive region of homology to the 
5 target sequence, a 5.9 Kb genomic Xbal/Xhol fragment, situated 
5. of the Jh region, was derived from a positxve genomxc phage 
clone by limit digestion of the DNA With Xhol, and partial 
: ;"tl With Xbal. AS noted in Fig. 2Ia, this Xbal site xs 
not present in genomic DNA, but is rather derived from phage 

10 sequences immediately flanking the cloned genomxc heavy chaxn 
irxsert in the positive phage Clone. The fragment was 
subdoned into Xbal/Xhol digested pGMT-TK, to generate the 
plasmid pGMT-TK-Jh5' (Fig. 2ld). , ^ 

The final step in the construction involved the 

15 excision from pUC18 J,-n.o of the 2.8 Kb EcoRI fragment which 
contained the neo gene and flanking genomic sequences 3 of 
J This fragment was blunted by Klenow polymerase and 
s^doned into the similarly blunted Xhol site of 
pGMT-TK-Jh5' . The resulting construct, JhKOI (Fig. 21e) , 

20 contains 6.9 Kb of genomic sequences flanking the ^H^-^ ' 
with a 2.3 Kb deletion spanning the Jh region into, which has 
been inserted the neo gene. Fig. 21f shows the ^^^^^ 
an endogenous heavy chain gene after homologous recombination 
with the targeting construct. 

25 

EXMSPLE 11 

rrnrrn--' :»n.wgi<- of targpted F^S ceU? 

AB-1 ES cells (McMahon and Bradley, Sell 
^•1073-1085 (1990)) were grown on mitotically inactive 
30 SNL76/7 cell feeder layers essentially as described 
• (Robertson, E.J. (1987) Tprp1-ncarciT^9Tn^ - '■ T1>1 FmhrYon^c gte^ 
. ,,,^...1 Annroach. E.J. Robertson, ed. (Oxfords IRL 
Press) , pp. 71-112) . AS described in the previous example, 
prior to electroporation of ES cells with the targeting 
35 construct JaKOl, the plurip tency of the ES cells was . 

determined by generation of AB-l derived chimeras which were 
shown capable of germline transmission of the ES gen me. 
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The heavy chain inactivation vector JuKOl was 
digested with NotI and electroporated into AB-l cells by the 
methods described (Hasty et al., Hature 3Sfi:243-246 (1991)). 
Electroporated cells were plated into 100 xm dishes at a 
density of 1-2 x 10^ cells/dish. After 24 hours, G418 
(200iag/ial of active component) and FIAU (O.SmM) were added to 
the medium, and drug-resistant clones were allowed to develop 
over 8-10 days. Clones were picked, trypsinized, divided into 
two. portions, and further expanded. Half of the. cells derived 
from each clone were then frozen and the other half analyzed 
for homologous recombination between vector and target 
sequences. 

DNA analysis was carried out by Southern blot 
hybridization. DNA was isolated from the clones as described 
(Laird et al. (1991) wueieic Ac ids Res. 19; 4293), digested 
with StuI and probed with the 500 bp EcoRI/StuI fragment 
designated as probe A in Fig. 21f . This probe detects a StuI 
fragment of 4.7 kb in the wild-type locus, whereas a 3 kb band 
is diagnostic of homologous recombination of endogenous 
sequences with the targeting vector (see Fig. 21a and f ) . Of 
525 G418 and FIAU doubly-resistant clones screened by Southern 
blot hybridization, 12 were found to contain the 3 kb fragment 
diagnostic of recombination with the targeting vector. That 
these clones represent the expected targeted events at the Jg 
locus (as shown in Fig. 21f) was confirmed by further 
digestion with Hindlll, Spel and Hpal. Hybridization of probe 

A. (see Fig. 21f) to Southern blots of Hindlll, Spel, and Hpal 
digested DNA produces bands of 2.3 kb, >10 kb, and >10kb, 
respectively, for the wild-type locus (see Fig. 21a) , whereas 
bands of 5.3 kb, 3.8 kb, and 1.9 kb, respectively, are 
expected for the targeted heavy chain locus (see Fig 21f ) . 
All 12 positive clones detected by the StuI digest showed the 
predicted Hindlll, Spel, and Hpal bands diagnostic of a 
targeted Jg gene. In addition, Southern blot analysis of a 
StuI digest of all 12 clones using a neo-specific probe (probe 

B, Fig. 21f) generat d only th predicted fragment of 3 kb, 
dem nstrating that th clones each contained only a single 
c py of the targeting vector. 
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10 



15 



,=o^or-^f ion ^-'-'^ r.;.rrvinq the deletion 

Three of the targeted ES clones described xn the 
previous section were thawed and injected into C57BL/6u 
blastocysts as described (Bradley, A. (1987) in 
.^^.......-ino^a - -^^^H^nnnc "tnm ppIIc.: A Pract?.cal 

Annroach. E.J. Robertson, ed. (Oxford- IBL Press), P'^^^-lSl) 
and transferred into the uteri of pseudopregnant females The 
extent of ES cell contributipK3:o the chimera was visually 
estimated from the amount of a|^uti coat coloration, ^^^^f 
from the ES cell line, on the blaclc C57BL/6J ^-^^-^^'^f 
of the offspring resulting from blastocyst xn^ectxon of two of 
the targeted clones were chimeric (i.e., showed agouti as well 
as black pigmentation) ; the third targeted clone did not 
generate any chimeric animals. The majority of the chimeras 
showed significant (approximately 50 percent or greater) ES 
cell contribution to coat pigmentation. Since the AB-l ES 
cells are an XY cell lineTmost of the chimeras were male, due 
to sex conversion of female embryos colonized by male ES 
cells. Males chimeras were bred with C57BL/6J females and the 
offspring monitored for the presence of the dominant agouti 
coat color ' indicative of germline transmission of the ES 
genome. OUneras from both of the clones consistently 
generated agauti offspring. Since only one copy of the heavy 
chain locus-^ targeted in the injected ES clones, each 
25 agouti pup a 50 percent chance of inheriting the mutated 
locus, screening for the targeted gene was carried out by 
southern blot analysis of stul-digested DNA £rom tail 
biopsies, using the probe utilized in identiigring targeted ES 
clones (probe A, Fig. 21f) . As expected, approximately 50 
30 percent of the agouti offspring showed a hybridizing StuI ^^^^ 
of approxijnately 3 kb in addition to the wild-type banc f 4-7 
icb, demonstrating germline transmission of the targeted 

in order to generate mice homozygous for the 
35 mutation, heterozygotes were bred together andth heavy chain 
genotype of the offspring determined as described ab ve. As 
expected, three genotyp s were d rived fr m the heterozygote 
matings: wild-type mice b aring two copies of the normal 



20 
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locus, heterozygotes caring one targeted copy of the gene and 
one normal copy, and mice homozygous for the Jh mutation. The 
absence of Jh sequences from these latter mice was verified by 
hybridization of the southern blots of Stul-digested DNA with 
5 a probe specific for Jh (probe C, Fig. 21a) . Whereas 
hybridization of the Jh probe to a 4.7 kb fragment in DNA 
samples from heterozygous and wild-type siblings was observed, 
no signal was present in samples from the Jn-mutant 
homozygotes, attesting to the generation of a novel mouse 
10 strain in which both copies of the heavy chain gene have been 
mutated by deletion of the Jg sequences. 

EXAMPLE 12 
q«»avY Chain Miniloci ifi Transaene 
15 A. rnnstructioT. nf olasmi H v>.,ctors for cloning large DNA 

sequences 
1. pGPla 

The plasmid pBR322 was digested with EcoRI and Styl 
and ligated with the following oligonucleotides: 

20 

oligo-42 5'- caa gag ccc^gcc taa tga gcg ggc ttt ttt ttg cat 
act gcg gcc get -3* 

oligo-43 5'- aat tag egg ccg cag tat gca aaa aaa age ccg etc 
25 att agg egg get -3" 

The resulting plasmid, pGPla, is designed for 
cloning very large DNA constructs that can be excised by the 
.30 rare cutting restriction enzyme Notl. It contains a Not I 
restriction site downstream (relative to the ampicillin 
resistance gene, AapR) of a strong transcription termination 
signal derived, from the trpA gene (Christie et al. , SESZs. 
^ ^^1 sei. USA 2&:4180 (1981)). This termination signal 

35 reduces the potential toxicity of coding sequences inserted 
into the NotI site by eliminating readthrough transcription 
from the AmpR gene. In addition, this plasmid is low copy 
r lative to th pUC plasmids because it retains th pBR322 
copy number control region. The low copy number further 

40 r due s th potential toxicity of insert sequenc s and reduces 
the selecti n against large inserts due to DNA replication. 
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The vectors pGPlb, pGPlc, pGPld, and pGPIf are derived fro. 
^P.a and contain different polylinXer clonxng s.tes. The 
polylinker sequences are given below 

5 

pGPla 

NotI 
GCGGCCGC 

10 

pGPlb 

T BamHI Hindlll NotI 

.C9^cS=<SS,at=a=ta?=Sttaatta.„atcca,ca,taagcttg«»CCGC 

15 

pGIlC 

r, T vhoT sail Hindlll BamHI SacII NotI 
NotI Smal Xhol saix ^"j^""^t__-Q„atccgcGGCCGC 
GCggccgcatcccgggtctcgaggtcgacaagctttcgaggarccg 



20 



pGPld 

NotI sail Hindlll Clal BamHI Xhol Not! 
GCggccgctgtcgacaagcttatcgatggatcctcgagtgcGGCCGC 

30 pGPlf 

- «-r r.T=T KnnI BamHI Xhol HotI 
cc^SS=t^cSSSS,ISSa^iS^1:^&««=-=''«'^'=-=~= 

• J- «,r, ho used for the construction of 
35 Each of these plasmxds can be used tor ^ 

large transgene inserts that are excisable wxth NotI so that 
t^transgene DNA can be purified away from vector sequences 
prior to microinjection. 

40 Z. ^^^^^^^ „„„ and ligated with the 

following oligonucleotides^ 

lig -47 5- ggc cgc aag ctt act get gga tec tta att aat cga 
45 tag tga tct cga ggc -3' 

oU,o-48 5- ggc cgc etc gag ate act ate gat taa tta agg ate 
cag cag taa get tgo -3' 

50 
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The resulting plasmid, pGPlb, contains a short 
polylinker region flanked by NotI sites. This facilitates the 
construction of large inserts that can be excised by NotI 
digestion. 

3. pGPe 

The following oligonucleotides: 

oligo-44 5'- etc cag gat cca gat ate agt acc tga aac agg get 
tgc -3« 

oligo-45 5'- etc gag cat gca cag gac ctg gag cae aca cag cct 
tee -3' 

were used to amplify the immunoglobulin heavy chain 3' 
enhancer (S. Petterson, et al., Nature 341:165-168 (1990)) 
from rat liver DNA by the polymerase chain reaction technique. 

The amplified product was digested with BamHI and 
SphI and cloned into BamHI/SphI digested pNN03 (pNN03 is a pUC 
derived plasmid that contains a polylinker with the following 
restriction sites, listed in order: NotI, BamHI, Neol, Clal, 
EcoRV, Xbal, Sael, Xhol,, SphI, PstI, Bglll, EcoRI, Smal, Kpnl, 
Hindlll, and NotI). The resulting plasmid, pRE3, was digested 
with BamHI and Hindlll, and the insert containing the rat Ig 
heavy chain 3« enhancer cloned into BamHI/Hindlll digested 
pGPlb. The resulting plasmid, pGPe (Fig. 22 and Table 1), 
contains several unique restriction sites into which sequences 
can be cloned and subsequently excised together with the 3 • 
enhancer by NotI digestion. 
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TABLE 1 



^^^^^^^^^^^^^ 

^sss^^^^. ^^^^^^^^ 

^^^^^^^^^^^^^^ 

^^^^^^^ ^^^^^ ^ 
^^^^^^^^^^^^^^^^ 



Sequence of vector pGPe. 
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B. ■ 



nr. ^^^^.ni-^nr. of T qfl ..^r-^<^^ina ininilocug transqene . p^qWt 
1. To»i«^Hnn of T-,. ^n^c^.;.nl: rpgion clones and non^tyuetipn 
of PJMI 

5 A human placental genomic DNA library cloned into 

the phage vector XEMBL3/SP6/T7 (Clonetech Laboratories, Inc., 
Palo Alto, CA) was screened with the human heavy chain J 
region specific oligonucleotide: 

10 oligo-l 5'- gga ctg tgt coc tgt gtg atg ctt ttg atg tct ggg 
gcc aag -3' 

and the phage clone Xl.3 isolated. A 6 kb Hindlll/Kpnl 
15 fragment from this clone, containing all six J segments as 
well as D segment DHQ52 and the heavy chain J-M intronic 
enhancer, was isolated. The same library was screened with 
the human n specific oligonucleotide: 

20 oligo-2 5'- cac caa gtt gac ctg cct ggt cac aga cct gac cac 
eta tga -3* 

and the phage clone X2.1 isolated. A 10.5 kb Hindlll/Xhol 
25 fragment, containing the n switch region and all of t:he n 
constant region exons, was isolated from this clone. These 
two fragments were ligated together with KpnI/XhoI digested 
pNN03 to obtain the plasmid pJMl. 

30 2. PJM2 

A 4 kb Xhol fragment was isolated from phage clone 
X2.1 that contains sequences immediately downstream of the 
sequences in pJMl, including the so called Em element involved 
in 5-associated deleteon of the m in certain IgD expressing 

35 B-cells (Yasui et al., fHiTTn J. Immunol. ia:1399 (1989), which 
is incorporated herein by reference) . This fragment was 
treated with the Klenow fragment of DNA polymerase I and 
ligated to Xhol cut, Klenow treated, pJMl. The resulting 
plasmid, pJM2 (Fig. 23) , had lost the internal Xhol site but 

40 retained the 3» Xhol site due to inc mplete reaction by the 
Klen w enzyme. pJM2 contains the entire human J region, th 
heavy chain J-m intronic enhancer, the n switch region and all 
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«M.«T,c as well as the two 0.4 kb 

of the fi gene. 

5 3 ^3^ig^^oa.o^^^egia ^no^ .n. r.onstn.rtinn of pDHl 
The following human D region specxf ic 
oligonucleotide : 

011,0-4 5- tat tac tat ^ t=, ^ agt tat tat aa= =a= 
agt gtc -3' 



10 



15 



^ used to screen the h^n placenta genomic ^^'^^^ \ 
.e^lcn Clones. P.a,e ^^^J:^:^i:: ^ 

from ^a,e clone X4.1. »n adjacent ups«ea„ 5.2 Kb Xhol 
tra^ent, t^^ includes t.e D ^^-^^^ 
D , was isolated from phage clone X4.3. Each ot ^ 
.0 r^;<I «»X fragments -ere cloned Into the SalX site of ^ 
plLmld rector PSP72 (Promega, Madison, «x, so « "^-"'^ 
L a>oI site linking the t»o segaences. The upstre^ 
fragment was then e«ised with Xhol and smal, and the 
^eam fragment with Eco«v and Xhox. ^ ^^^^^^^ 
isolated fragments were llgated together 
nSP72 to give the plasmid pDHl. pDHl contains a 10.6 W. 
S^LIt IndudL at least 7 0 segments and can be excised 
with Xhol (5') and EooRV (3-). 

30 4. SSSSX _^ ^ ^ ^^^^ ^.^ ,an 

lsoschizo»er of .KpnX) and the overhang filXed fj^^^^^ 
Klenow frag^nt of DHX polymerase I. The 
then digested with Clal and the insert isolated. ^J'J^ 
35 was ligated to the XhoI/EcoPV insert of pDBl and Xhol/Clal 
digested pSPe t generate pcoRl (Fig. 24) . 



5. B2B2S1^ ^^^^ ^ ^ ^^^^^^ ^ the 

40 tw human heavy Cham variable region segments Vh2S1 and V^IOS 
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(Humphries et al., Nature 331:4*6 (1988), which is 
incorporated herein by reference) was subcloned into pSP72 to 
give the plasmid pVH251. 

Eim p^^^^.^ p^Qj^^ partially digested with Xhol 
and the isolated Xhol/Sall insert of pVH251 cloned into the 
upstream Xhol site to generate the plasmid pIGMl (Fig. 25) . 
PIGMI contains 2 functional human variable region segments, at 

10 least 8 human D segments all 6 human Jh segments, the human 
j-M enhancer, the human element, the human M switch region, 
all of the human /x coding exons, and the human Em element, 
together with the rat heavy chain 3- enhancer, such that all 
of these sequence elements can be isolated on a single 

15 fragment, away from vector sequences, by digestion with NotI 
and microinjected into mouse embryo pronuclei to generate 
transgenic animals. 

C. n^n^i-^irtion »f T«M and Taff expressing T^<inilocus 

20 i--7-a"sqene . PHCI 

1. TBoiation y constant rpgi on clones ,\ 

The following oligonucleotide, specific for human Ig 

g constant region genes: 

25 oligo-29 5'- cag cag gtg cac acc caa tgc cca tga gcc cag aca 
ctg gac -3« 

was used to screen the human genomic library. Phage clones 
129.4 and X29.5 were isolated. A 4 kb Hindlll fragment of 
30 phage clone X29.4, containing a y switch region, was used to 
probe a human placenta genomic DNA library cloned into the 
phage vector lambda FIX" II (Stratagene, La JoUa, CA) . Phage 
clone XSgl.l3 was isolated. To determine the subclass of the 
different 7 clones, dideoxy sequencing reactions were carried 
. 35 out using subclones of each of the three phag cl nes as 
templates and th following oligonucleotide as a primer: 

dig -67 5'- tga gcc cag aca ctg gac -3' 
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Phage clones X29.5 snd XSyl-lJ were both determined 
to be of the 7I subclass. 

2. Eaisl ^ ^ Hindlll fragment of phage clone X29.5, 
containing th. yl- coding region was cloned into pOCU. The 
resulting plasnid, pLTl. was digested wi«> ~ 
treated, and rellgated to destroy the int«mal Xhol sxte. The 
^sulti;, done, PLTI:*, was digested with "^'^f^^^^^ 

.0 insert isolated and cloned into pSP72 to ^-'-^ '^^^^ 
dona pLTl^s. Digestion of pLTl^ at a polylxnker Xhol site 
and a h^an sequence derived Ba-^I site generates a 7 6 Icb 
• fragment containing the yX constant region coding exons. Thxs 
7.6 Kb XhoI/BamHI fragment was cloned together with an 

L5 adjacent downstream 4.5 kb Ba»HI fragment from phage clone 
Xa9.5 into XhoI/BamHI digested pGPe to generate the plasmxd 
Clone pyel. pyel contains all of the ,1 constant region 
coding aeons, together with 5 Icb of downstream sequences, 
llnlced to the rat heavy chain 3- enhancer. 

20 

^ A 5.3 kb Hindlll fragment containing the yl switch 
region and the first eKon of the pre-switch sterile transept 
(E. Sideras et al. (1989) mtmiH-IPnnl THWUPgl. A, 631) was 

25 isolat«l from phage clone XSyl.13 and cloned int, pSP72 with 
::fU™ a-ol to th. 6- end Of the «sert, 

to gLerate the plasmld clone pS^ls. The Xhol/Sall insert of 
BS71S was cloned into Xhol dig.st«l PTel to gen«:at. the 
pusmld Clone pyeZ (Mg. 26). pre2 contains all °' tI 

30 constant region coding exons, and th. upstream switch region 
.^st«:Ue transcript .*ons, tog.th.r with 5 )cb of do«nstr«» 
s«p.»ces, linK«l to the rat heavy chain 3- anh«.=er. This^ 
Clone contains a unique Xhol site at the 5- end of ^ ^3«t. 
The «.tlre Insert, together with the xhol site ana th. 3 rat 

35 enhancer can be excised from vector sequences by digest! n 
with K tl. 
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4. pHCI 



The plasmid pIGMl was digested with Xhol and the 43 
kb insert isolated and cloned into Xhol digested pge2 to 
generate the plasmid pHCl (Fig. 25) . pHCl contains 2 
functional human variable region segments, at least 6 human D 
segments all 6 human Jh segments, the human J-n enhancer, the 
human an element, the human n switch region, all of the human 
n coding exons, the human element, and the human 7I 
constant region, including the associated switch region and 
sterile transcript associated exons, together with the rat 
heavy chain 3* enhancer, such that all of these sequence 
elements can be isolated on a single fragment, away from 
vector sequences, by digestion with NotI and microinjected 
into mouse embryo pronuclei to generate transgenic animals. 

D. ffnnstructjnn of laM and TaG expressing minilocus 

I. -^gnlation nf human h p-aw chain V region oene VH49t8 

The hvunan placental genomic DNA library lambda, FIX" 

II, Stratagene, La Jolla, CA) was screened with the following 
human VHl family specific oligonucleotide: ' \ 



oligo-49 



5»- gtt aaa gag gat ttt att cac ccc tgt gtc etc tec 
aca ggt gtc -3' 



Phage clone X49.8 was isolated and a 6.1 kb Xbal 
fragment containing the variable segment VH49.8 subdoned into 
pNN03 (such that the polylinker Clal site is downstream of 
VH49.8 and the polylinker Xhol site is upstream) to generate • 
the plasmid pVH49.8. An 800 bp region of this insert was 
sequenced, and VH49.8 found to have an open reading frame and 
intact splicing and recombination signals, thus indicating 
that the gene is functional (Table 2) . 
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T&BLE 2 



.,.„„,— '--^rsisi"^! TMCruXXx: .^cscrrssc s 

-- . j„: r 3 .-icrssic ASGrrrsG 

-sisaaia. crrsccrsi ■zxaaiaaxr?. AMsaicrsL cssicrcixs. 

. .cr::ss^ cc=sxs 

~^^^£ti euauBneVal ValAlaAlaA lalhr 

agccccsagg cccagoasag gacc=;=gu=. -aatw-caa« 

. ^cc-'-ccac aoGIGICGG TCTCSt^ 
cacccc: ffl.waian SerGlnValG IrHfiuValGl 

r-rrTrr— r QBSSSSQ. iGXTOGSTC CTCSSIGRaG 

nSeKSLvAla GLuValLysL ysProGLySe r?^^S 
a^TOTO SQ93XITC MCRGCnaaG 

vsAias^ MSaiC^ 



200 
250 
300 



400 
450 

500 M 
SO 

eoo 

650 



i^E^ 

^^^^^^^Q5Sb»«c«c«k too 

g^MM Goa^ ^ 



800 
812 



geqyence aOniniaa femlfer gene V„4M 
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2. EV2 

A 4 kb Xbal genomic fragment containing the h\man 
VhIV family gene 7^4-21 (Sanz et al., mSQ_J.. , 8:3741 (1989)), 
subcloned into the plasmid pUC12, was excised with Smal and 
Hindlll, and treated with the Klenow fragment of polymerase I. 
The blunt ended fragment was then cloned into Clal digested, 
Klenow treated, pVH49.8. The resulting plasmid, pV2, contains 
the human heavy chain gene VH49.8 linked upstream of VH4-21 in 
the same orientation, with a unique Sail site at the 3' end of 
the insert and a unique Xhol site at the 5« end. 

3. pS-vI-S ' 

A 0.7 kb Xbal/Hindlll fragment (representing 
sequences immediately upstream of, and adjacent to, the 5.3 kb 
7I switch region containing fragment in the plasmid P7e2) 
together with the neighboring upstream 3.1 kb Xbal fragment 
were isolated from the phage clone XSgl.l3 and cloned into 
Hindlll/Xbal digested pUClS vector. The resulting plasmid, 
pSYl-5«, contains a 3.8 kb insert representing sequences 
upstream of the initiation site of the sterile transcript 
found in B-cells prior to switching to the yl isotype (P. 
Sideras et al., Tntemation al Immunol. 1:631 (1989)). Because 
the transcript is implicated in the initiation of isotype 
switching, and upstream cis-acting sequences are often 
important for transcription regulation, these sequences are 
included in transgene constructs to promote correct expression 
of the sterile transcript and the associated switch 
recombination. 

4. pVGEl 

• The pS7l-5» insert was excised with Smal and 
Hindlll, treated with Klenow enzyme, and ligated with the 
following oligonucleotide linker: 

5'- ccg gtc gac egg -3» 

The ligati n product was digested with Sail and ligated to 
Sail digested pV2. The resulting plasmid, pVP, contains 3.8 
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•^.h flanking sequences linked doWnstream of the 
5 the 15 kb fragment on an agarose gel. ^^^^ 

and associated switch regxon. A unxqu . 

• Vio used to clone in u, 

10 variable and constant regxons can be usea 
10 varxaeie ^^^^^ ^, ^j^ancer is 

and M gene segments. The rat ne vy 

linked to the 3- end of the yl gene and the entxre 

flanked by NotI sites. 

15 5. ESSa «urpi is digested with sail and 

The plasmid clone pVGEl xs axgesii 
. Z «^ r,TeMi is cloned into it. The resulting 

the XhOl insert of pIGMl is cxonw .,v.ia 

"L" PH. (Pi,. .S,, contains . *unc^-i ^ 

-4.- a<- least 8 hximan D segments axx o i*uii» h 
region segments, at least 8 num element, the 

oomnents the human J-m enhancer, the human an eiemen , 

20 segments, "^^J"^ ^ coding exons, tte 

human m switch regxon, / all o£ ^ region, including 

human Em element, and the ^'--^/^ "'.^a^Lipt associated 
the associated switch region and sterxle transcrxpt as 

t!aether with 4 kb flanking sequences upstream of the 
exons, together wxth * sequences are 

25 sterile transcript xnxtxatxon sxte. ine 

linked to the rat heavy chain 3' enhancer, such that all of 
^Tsequence elements can be isolated on -j;^"^' 
away f^m vector sequences, by digestion wxth NotI and 
^c^oin^ected into mouse embryo P-uclei^o^genera^^^ 

se9l»nts to further «=pand the r«»».blnatlonal diversity 
this heavy chain minilocus . 

35 H. ^^^^-^^^-^ Vlas»ia= PXCMI an. pBCX were ^ 
is lated f«na vertor sequences by agarose gel electr pb resis. 
S ^SfLd inserts were microinjected int the pronuclei t 
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fertilized (C57BL/6 x CBA)F2 mouse embryos and transferred the 
surviving embryos into pseudopregnant females as described by 
Hogan et al. (B. Hogan, F. costantini, and E. Lacy, Methods of 
Manipulating the Mouse Embryo, 1986, cold Spring Harbor 
5 Laboratory, New York) . Mice that developed from injected 
embryos were analyzed for the presence of transgene sequences 
by southern blot analysis of tail DNA. Transgene copy number 
was estimated by band intensity relative to control standards 
containing known quantities of cloned DNA. At 3 to 8 weeks of 
10 age, serum was isolated from these animals and assayed for the 
presence of transgene encoded human IgM and IgGl by ELISA as 
described by Harlow and Lane (E. Harlow and D. Lane. 
Antibodies: A Laboratory Manual, 1988, Cold Spring Harbor 
Laboratory, New York) . Microtiter plate wells were coated 
with mouse monoclonal antibodies specific for human IgM (clone 
AF6, #0285, AMAC, Inc. Westbrook, ME) and human IgGl (clone 
JL512, #0280, AMAC, Inc. Westbrook, ME). Serum samples were 
serially diluted into the wells and the presence of specific 
immunoglobulins detected with affinity isolated alkaline 
phosphatase conjugated goat anti-human Ig (polyvalent) that 
had been pre-adsorbed to minimize cross-reactivity with mouse 
immunoglobulins. Table 3 and Fig. 28 show the results of an 
ELISA assay for the presence of human IgM and IgGl in the 
serum of two animals that developed from embryos injected with 
the transgene insert of plasmid pHCl. All of the control non- 
transgenic mice tested negative for expression of human IgM 
and IgGl by this assay. Mice from two lines containing the 
pIGMl NotI insert (lines #6 and 15) express human IgM but not 
human IgGl. We tested mice from 6 lines that contain the pHCl 
insert and found that 4 of the lines (lines #26, 38, 57 and 
122) express both human IgM and human IgGl, while mice from 
two of the lines (lines #19 and 21) do not express detectable 
levels of human immunoglobulins. The pHCl transgenic mice 
that did not express human immunoglobulins were so-called 
mice that developed dir ctly from microinj cted embryos and 
may have been mosaic for th presenc of th transgen . 
southern blot analysis indicates that many of these mice 
c ntain one or fewer copies of the transgen p r cell. The 
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aetaction of H-an IgM in tb. serma of *IG«1 tr>nsg^l=s, and 
^ and IgGt in pHCl transgenics, provides 
the trans,«>e secpiences function correctly xn ™^ 
joining, transcription, and isotyj switching. 0~ 
S L,i.aJ (#X8, was negative for the transgene 

analysis, and showed no d.tectahle levels of hnman^IgH or 
lasi. me second animal C«8) contained approximately 5 
Tpils Of the transgene, as assayed by Southern blotting, and 
::ow.d detectable lev, s of both human I,K and 1,01. The 
X„ results of ELISA assays for 11 animals that dev.lop«i from 
transgene injected embryos is summarized in the table below 
(Table 3). 

TABLE 3 

" Detection of human IgM and IgGl in the serum of transgenic 
animals by ELISA assay 

approximate 

++ 



6 pIGMl 
25 7 pIGMl . 

9 pIGHl 



30 



1 
0 
0 
0 
0 
10 
0 

19 pHCl 1 

21 PHCl 



10 pIGMl 
12 pIQIl 



15 pIGMl 
35 18 PHCl 



*0 J.+ + 

26 PHCI 2 

38 PHCI 5 
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Table 3 shows a correlation between the presence of 
integrated transgene DNA and the presence of transgene encoded 
immunoglobulins in the serum. Two of the animals that were 
found to contain the pHCl transgene did not express detectable 
levels of human immunoglobulins. These were both low copy 
animals and may not have contained complete copies of the 
transgenes, or the animals may have been genetic mosaics 
(indicated by the <1 copy per cell estimated for animal #21) , 
and the transgene containing cells may not have populated the 
hematopoietic lineage. Alternatively, the transgenes may have 
integrated into genomic locations that are not conducive to 
their expression. The detection of human IgM in the serum of 
pIGMl transgenics, and human IgM and IgGl in pHCl transgenics, 
indicates that the transgene sequences function correctly m 
directing VDJ joining, transcription, and isotype switching. 



20 



F. nnNA clones 

TO assess the functionality of the pHCl transgene in 
VDJ joining and class switching, as well the participation of 
the transgene encoded human B-cell receptor in B-cell 
development and allelic exclusion, the structure of 
immunoglobulin cDNA clones derived from transgenic mouse 
spleen mKNA were examined. The overall diversity of the 
25 transgene encoded heavy chains, focusing on D and J segment 
usage, N region addition, CDR3 length distribution, and the 
frequency of joints resulting in functional mRNA molecules was 
examined. Transcripts encoding IgM and IgG incorporating 
VH105 and VH251 were examined. 
30 Polyadenylated RNA was isolated from an eleven week 

. old laale second generation line-57 pHCl transgenic mouse. 
This RNA was used to synthesize oligo-dT primed single 
stranded cDNA. The resulting cDNA was then used as template 
for four individual PCR amplifications using the following 
35 f ur synth tic oligonucleotides as primers: VH251 specific 

lig -149, eta get cga gte caa gga gtc tgt gee gag gtg eag etg 
(g,a,t,c>; VH105 specific o-lSO, gtt get cga gtg aaa ggt gte 
cag tgt gag gtg eag etg (g,a,t,e); human gammal specific 
olig -151, ggc get cga gtt cea cga cae cgt cae egg tte; and 
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specific c=^ 9=^ <=„ ggc age =aa eg, cca 

cgctgctcg. Reaction 1 used primers 0-149 ana o-151 to 

V^.X-,-al transcripts, reaction a used - 
152 to amplify VH251-U transcripts, reaction 3 --^.-^^"J"* 
^-151 to Lplify VHXOS-ga^i transcripts, and reaction « used 
O-150 and 0-152 to amplify VH105-mu transcripts. The 
resulting 0.5 ^ PCR products were isolated fro. an agarose 

transcript products «ere .ore a.»ndant ^an *e^ 
tra;script products, consistent with 

data <Fig. 34,. The .CB products were digested -^h^Xh"^ 
Cloned into the plasBid PNH03. -^""--"^f ^ 

isolated from mlnipreps of nine clones from each of the 
ZrIcK amplifications and dideoxy sequencing reactions were 
performed. Two of the clones turned out to he '^-1™ 
Ltaining no D or :r segments. These could not ^-^^^ 
derived from normal ENA splicing products and are liXely to 
have originated from deletions introduced ™ P=« 
3™,lification. one of the Dm samples turned out to be a 

individual Clones, and three additional clo»s 
^Tnot produce readable m.A seguence (presumably because ^e 
^ samples were not clean enough, . The DHA -^lel in Ta^e 
mi joints from the remaining 30 clones are compiled in Table 
4 Lch of the sequences are unique, indicating that no 
single pathway of gene rearrangement, or single clone of 

e:*ressing B-cells is dominant. The fa^ th^no 
two siguences are allXe is also an indication of the l-^e 
diversity of immunoglobulins that can be expressed from a 
::;^«^ocus containing only 2 V segm«.ts, 10 0 stents, 
and% segments. Both of the V segments, all six of the J 
segments, and 7 of the 10 D segments that are included in the 
:^en; are used in VI,j joints. In addition both constant 
region genes (mu and gammal) are incorporated into 
J„scr!pts. The VB105 primer turned out not to be specific 
for VH105 in the reactions performed. Therefore many of the 
clones from reacti ns 3 and 4 contain d VH25X t«--ip^- 
idditionally, ol nes isolat d from ligated reaction 3 PCR 

turbid out t enc de igM rather than igo, h wever this 
Ly reflect contamination with PCR product from reacti n 4 as 
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the DNA was- isolated on the same gel. An analog us 
experiment, in which immunoglobulin heavy chain sequences were 
amplified from adult human peripheral blood lymphocytes (PBL) , 
and the DNA sequence of the VDJ joints determined was 
recently reported by Yamada et al. (i^^KE^- 121=395-407 
(1991), which is incorporated herein by reference). We 
compared the data from human PBL with our data from the pHCl 
transgenic mouse. 
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G. -T segment choice 

Table 5 compared the distribution of J segments 
incorporated into pHCl transgene encoded transcripts to J 
segments found in adult human PBL immunoglobulin transcripts. 
5 The distribution profiles are very similar, J4 is the dominant 
segment in both systems, followed by J5. J2 is the least 
common segment in human PBL and the transgenic animal. 

TABLE 5 J- Segment Choice 

^® Percent Usage (±3%) 

■T. segment wri ^.-ansgenic Jim^ri PBL 



Jl 

15 J2 
. J3 
J4 
J5 
J6 



25 



30 



35 



40 



7 1 
3 <1 



17 
44 
3 



9 
53 
15 



26 a? 
20 100% 100% 



H. p segmen t choice 

49% (40 of 82) of the clones analyzed by Yamada et 
al. incorporated D segments that are included in the pHCl\ 
trinsgene. An additional 11 clones contained sequences that 
were not assigned by the authors to any of the known D 
segments. Two of these 11 unassigned clones appear to be 
derived from an inversion of the DIR2 segments which is 
included in the pHCl construct. This mechanism, which was 
predicted by Ichihara et al. (EMBQ J. 7:4141 (1988)) and 
observed by Sanz / .t. Immunol . 112:1720-1729 (1991)), was not 
considered by Yamada et al. (J. Exp. Med. 121:395-407 (1991)). 
Table 5 is a comparison of the D segment distribution for the 
pHCl transgenic mouse and that observed for human PBL 
transcripts by Yamada et al. The data of Yamada et al. was 
recompiled to include DIR2 use, and to exclude D segments that 
are not in the pHCl transgene. Table 6 demonstrates that the 
distribution of D s gment incorporation is very similar in the 
transgenic mouse and in human PBL. The two dominant human D 
segments, DXP'l and DNl, are also found with high frequency in 
the transgenic mouse. The most dramatic dissimilarity between 
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1-hP hiah frequency of 'DHQ52 in the 
the t.o distributions xs the ^J^^^^^^ ,,,^^^r 

transgenic .ouse -/-^/^J/.Teg^ent distribution in the 
of DHQ52 is reminiscent of the D s 
human fetal liver. Sanz has observed that 14% of 
Chain transcripts contained 0Ha52 ^^^^l^^J^^;:^ the 
not found in pHCl are excluded from ^l^^^^^^^' ^^.^ 

analvzed by Sanz contain DHQ52. 

mouse. 



10 



f^ni^E 6 



15 



20 



25 



n , seement 

• DLRl 
DXPl 
DXP'l 
DAI 
DKl 
DNl 
DIR2 
DH2 
DLR2 
DHQ52 

/ V ? 



D Segment Choice 

percent Usage (± 3%) 
.^.n^^enie mmsiiSSk 



<l 

3 
25 
<1 

7 
12 

7 
<1 

3 
26 
17_ 



100% 



<1 
6 
19 
12 
12 
22 
4 
2 
4 
2 



100% 



30 I 



^ regions fr» 30 clones t.a. were -^^'^^f » ^3 of 

PHC. transgenic. Tne translated ^^^^"^ J^^ ^o t^ 

■ s ^ rnn&\ ar-e in-frame With respect 
the 30 VDJ Doints (77%) are in tram 

35 variable and J segments. 
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Functionality of v-D-J Joints 
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J. r^nT ^T length ' ^^^''^i-^S bullion _ 

Table 8 compareT^^e length of the CDR3 peptxdes 
from transcripts with in-frame VDJ joints in the pHCl 
• " Igenic mouse to those in human PB.. Again -e^hu^ 

5 data comes from Yamada et al. ^^^'^'^^ ^^^^"^^^^ 

skewed slightly toward smaller CDR3 
the transgenic profile sjtewBu = -a j 

^ptid» Ln observed ..on .u«n PBL. Th. -er.,e^^ 
CdL in the transgenic mouse is 10.3 am^o ac.ds^ This 
s»l.stantially the same as the average size '^'^ 
XO authentic human CDR3 peptides by sanz (2^JBMB2l. HI-"" 
1729 (1991))- 



TABLE B 



CDR3 Length Distribution 



15 



20 



25 



Percent Occurrence (±3%) 
f ^^-H. ,„ CDR3 rr.ns.,,nic HuMUEB. 



3-8 

9-12 

13-18 

19-23 

>23 



26 
48 
26 
<1 



14 
41 
37 
7 

1 



100% 



100% 



Ti-yaMPLE 13 

30 r,^^^.r.»^A Hriw Ohain Transqenes „„^«„ts 
T^o human leukocyte genomic DNA libraries cloned 

ixxto the phage vector XEHBL3/SP6/T7 ^^l^^^^^^^' 

inc., Palo iato, CA) are screened with a 1 kb 
35 frag;ent or Xl.3 containing the human heavy chain J-M xntronic 

Her. positive clones are tested for hybridization with a 

mixture of the folldwing specific oligonucleotides: 

. oligo-7 5.-tca. gtg aag gtt tec tgc aag gca tct gga tac acc 
ttc acc-3« 



40 



olig -8 5'-tcc ctg aga etc tec tgt gca gcc tct gga ttc acc 



ttc ac' 
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Clones that hybridiz d with both V and J-m probes 
are isolated and the DNA sequence of the rearranged VDJ 
segment determined. 

B. r^T^c^-^nntion »^ ^..^^nn^d hrmnr^ heavy rhaiTi transgenes 
Fragments containing functional VJ segments (open 
reading frame and splice signals) are subcloned into the 
plasmid vector pSP72 such that the plasmid derived Xhol site 
is adjacent to the 5- end of the insert sequence. A subclone 
containing a functional VDJ segment is digested with Xhol and 
Pad (Pad, a rare-cutting enzyme, recognizes a site near the 
j-m intronic enhancer) , and the insert cloned into XhoI/PacI 
digested pHC2 to generate a transgene construct with a 
functional VDJ segment, the J-n intronic enhancer, the /i 
switch element, the M constant region coding exons, and the 7I 
constant region, including the sterile transcript associated 
sequences, the yl switch, and the coding exons. This 
transgene construct is excised with NotI and microinjected 
into the pronuclei of mouse embryos to generate transgenic 
animals as described above. 
■ • , /\ 

BXAMPLE 14 

T^^ qht caia jT^ Transgenes 

A. rnnstruction of p lasmid vectors 

1. PXasmicl vector pGPlc 

Plasmid vector pGPla is digested with NotI and the 
following oligonucleotides ligated in: 

oligo-81 5»-ggc cgc ate ccg ggt etc gag gtc gac aag ctt teg 
agg ate egc-3' 

oligo-82 5'-ggc cgc gga tee teg aaa get tgt cga cet ega gae 
ccg gga tgc-3' 

The resulting Flasmid, pGPlc, contains a polylinker with Xmal, 
Xh I, sail, Hindlll, and BamHI restriction sites flank d by 
NotI sites« 
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following oligonucleotides ligated in: 
s oligo-87 5-,g= =gc tgt cga =aa got tat cga tg, ate etc gag 
tgc -3' 

oligo-SS 5.-ggc cg= act cga gga tco ate gat aa, ctt gtc gac 
age -3' 

^° . 'A r.rx>^A contains a polylinker with Sail, 

The resulting plasmxd, pGPld, contains y x flanked by 
Hindlll, Clal, BaBHI, and Xhol restriction sites flanlced by 

NotI sites. 
IS B T^oia-Hon o f -"'^ clones 

^ ^ A human placental genomic DNA library cloned into 

the phage vector XEMBL3/SP6/T7 (Clonetech ^-^°"^°f ^ 
mo Lto, m was screened with the human Icappa light chain J 
region specific oligonucleotide: 

" ■oUgo-36 S- cac ctt eg, =ea agg gac acg act gga gat ta. acg 

taa gca-3" 

^ the phage Clones 136.2 and 136.5 isolated. A 7 4 Kb xnol 
.5 ^g^t th!t includes the segment was isolated fro^ 

and suheloned into the plasmid pHH03 to «^ 
pC^d .lone P36... A neighhoring 13 «.cX 
Lludes « segments . through = togeth- ^^^^^^^ ^ 
segment was isolated from phage clone 136.5 »>"> = 
30 the plasmid pm.03 to generate the plasmid P""'- 

Togrther these two clones span the region beginning 7.2 Icb 
upstream of J«l and BuJing 9 Icb downstream of C«. 

3S p™'^rvelI*«rZreli^!lg rLrange^ Liable 

The 13 kb Xhol insert of plasmid clone p36.5 
c ntaining th Ck gene, together with 9 kb of downstr am 
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sequences, is. cloned into the Sail site of plasmid vector 
pGPlc with the 5- end of the insert adjacent to the plasmid 
Xhol site. The resulting clone, pCKl can accept cloned 
fragments containing rearranged VJk segments into the unique 
5- Xhol site. The transgene can then be excised with NotI and 
purified from vector sequences by gel electrophoresis. The 
resulting transgene construct will contain the human J-Cic 
intronic enhancer and may contain the human 3' k enhancer. 

2. pCK2, a Ck vector with heavy chain enhancers for 
expressing rearranged variable segments 

A 0.9 kb Xbal fragment of mouse genomic DNA 
containing the mouse heavy chain J-m intronic enhancer (J. 
Banerji et al., Cell 31:729-740 (1983)) was suboloned into 
pUCia to generate the plasmid pJH22.1. This plasmid was 
linearized with SphI and the ends filled in with Klenow 
enzyme. The Klenow treated DNA was then digested with Hindlll 
and a 1.4 kb Mlul/Hindlll fragment of phage clone Xl.3 
(previous example) , containing the human heavy chain J-M 
intronic enhancer (Hayday et al., Naturg 301:334-340 (1984)), 
to it. The resulting plasmid, pMHEl, consists of, the mouse 
and human heavy chain J-n intronic enhancers ligated together 
into pUClS such that they are excised on a single 
BamHI/Hindlll fragment. This 2.3 kb fragment is isolated and 
cloned into pGPlc to generate pMHE2. pMHE2 is digested with 
sail and the 13 kb Xhol insert of p36.5 cloned in. The 
resulting plasmid, pCK2, is identical to pCKl, except that the 
mouse and human heavy chain J-M intronic enhancers are fused 
to the 3' end of the transgene insert. To modulate expression 
of the final transgene, analogous constructs can be generated 
with different enhancers, i.e. the mouse or rat 3' kappa or 
heavy chain enhancer (Meyer and Neuberger, mSS^- . 
S; 1959-1964 (1989); Petterson et al., l!§tjjEg» M4: 165-168 
(1990)) . 
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3. isolation of rearranged kappa li,ht chain variable 

''^'^ ^ leukocyte genomic DHA libraries cloned 

into the phage vector XIMBL3/SP6/T7 (Clonetech Laboratories, 
. T:.X^ i^to, C, -ere screened with ^''^f 

chai; J region containing 3.5 kb xhoI/s„aI frag.«t of p36.5. 

^sitive Clones were tested for hybridisation w.th the 

following V< specific oligonucleotide: 
0 oligo-65 s-agg tt= agt ggo agt ggg tct ggg aca gac ttc act 
etc aco ate age-3' 

«ones that hybridized with both V and J probes are isolated 
Z LZl siguence of the rearranged se,.«.t determined. 

' 4. Generation Of transgenic Blc. containing rearranged human 

liaht chain constructs. /««on 
Pra,B«.ts containing functional s.g.«^ts (open 

reading frame and splice signals) are subcloned into the 
,0 Xhol sites of vectors pCKl and pCK2 to g«.«:ate 

■ ::^an,^ kappa light chain transgenes. The ■ 

constructs are IsoUted ^^^J^'^T^^ZZ^:^^ 
With Notl. Agarose gel purifiea xnseirT. 

mouse embryo pronuclei to ^^^^^^ ^ 

25 Mlmals «q«:.sstng human kappa chain are bred " ^ 

^ocus containing transgenic animals to g«.erate mice 

expressing fully human antibodies. ™„hi. of 

Because not all VJ« combinations may be capable of 
forming stable heavy-light chain complexes with a *^ 
30 ^ZJm Of different heavy chain VVJ combinations, 

S^t light Chain transgene constructs are generated «ch 
ri^rTdiffLent rearranged VOk clone, and transgenic mice 
^'result from these constructs are bred "i^h heavy cha.n 

^ cus transgene ^^'^'f-JZ^^^T^-'^^ 
3S SDleen, and lyin* node lyii«)hocytes are Is latea ir 

^»lc (b^ heavy and light chain c nstructs) animals, 

^!d wit^ fluorescent antibodl s specific for 

m use heavy and light chain immunoglobulins (Pharmingen, San 
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Diego, CA) and analyzed by flow cytometry using a FACScan 
analyzer (Becton Dickinson, San Jose, CA) . Rearranged light 
chain transgenes constructs that result in the highest level 
of human heavy/ light chain complexes on the surface of the 
5 highest number of B cells, and do not adversely affect the 
immune cell compartment (as assayed by flow cytometric 
analysis with B and T cell subset specific antibodies) , are 
selected for the generation of human monoclonal antibodies. 

10 D. Censtruction of ^ prearranqed light chain minilocus 
transgenes 

1, pJCKl, a Jjc, Ck containing vector for constructing 
minilocus transgenes 

- The 13 kb Ck containing Xhol insert of p36.5 is 

15 treated with Klenow enzyme and cloned into Hindlll digested, 
Klenow-treated, plasmid pGPld. A plasmid clone is selected 
such that the 5* end of the insert is adjacent to the vector 
derived Clal site. The resulting plasmid, p36.5-ld, is 
digested with Clal and Klenow-treated. The JkI containing 7.4 

20 kb Xhol insert of p36.2 is then Klenow-treated and cloned into 
the Clal, Klenow-treated p36.5-ld. A clone is^ selected in 
which the p36.2 insert is in the same orientation as the p36.5 
insert. This clone, pJCKl (Fig. 34), contains the entire 
human J« region and Ck, together with 7.2 kb of upstream 

25 sequences and !9 kb of downstream sequences. The insert also 
contains the human J-Ck intronic enhancer and may contain a 
human 3« k enhancer. The insert is flanked by a unique 3« 
Sail site for the purpose of cloning additional 3 • flanking 
sequences such as heavy chain or light chain enhancers. A 

30 unique Xhol site is located at the 5« end of the insert for 
the purpose of cloning in unrearranged Vk gene segments. The 
unique Sail and Xhol sites are in turn flanked by NotI sites 
that are used to isolate the completed transgene construct 
away from vector sequences. 
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The Vjc specific oligonucleotide, oixgo v 
..ove, , is^ ed VprCe a .u:.an placental ,enc»nic CH^ library 

i • nhacre vector 11IHBM/3P6/T7 (Clonetech 

Cloned into ^"""^ ^, . variable gene seg^ts 

r:™;.S:,'cres are-se^ence.. an. clones t^t 

ZZr functional are --ed. 

!rra:r.r::;r3:r!nSrr;^^^^^^^^^ 
--^t^ct:;^ — r r i=.^.= 

digested with NotI and the inserts ^ 

.ouse embryo pronuclei to generate ^ransgenic 

transgenes of these animals will undergo V to J 

dirking B-cells. Animals expressing human ^^PP^ ^^^^^^ 

aeveAopx**y ^„„+-a^riT^a transgenic animals 

bred with heavy chain minilocus 

to generate mice expressing fully human antibodies. 

EXAMPLE 15 ' ^ 

p ., ,,, r^Mn H,.l,,1 ^".^n ionlng of a hu^ 
This Example describes the cloning o . . . „ 

,eno^c ^v. cam ^^'''^f^::r.ZZ'^'^-^^^ 
introduced into the murine germlme via microx 3 

^vaotes or integration in ES cells. 

zygotes ^^^^^^^^ ,,,, f,esh human placental 

tissue as described by Marzluff, W.F., et al. (1985), 

T t "'^^"^*^ * . \ ^ BQ-129 IBL Press, Oxford) . 

Sammes and S.J. Higgins, eds., PP. 89 129, 

• The isolated nuclei (or PBS washed human ^^^I'^^'^jT^;^ 

Ied.ed in O.S. low melting poin^ ^ ^^^^^^^ or 

with img/ F ^ proteinase K is 

spermatocytes at 50 C f or 18 n pMSF in TE for 

inactivated by incubating the blocks in ^o^*?/ 
30 minut s at 50-C, and then washing extensively wi^ TE. 
1^ then digested in the agarose with the restricti n 
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enzyme NotI as described by M. Finney in rnrrP nt -protocpl. m 
Moloav (F. Ausubel et al. , eds. John Wiley & Sons, 
Supp. 4, 1988, e.g., Section 2.5.1) . 

The NotI digested DNA is rhen fractionated by pulsed 
5 field gel electrophoresis as described by Anand et al., 

.n4d« Res . 12:3425-3433 (1989). Fractions enriched for the 
NotI fragment are assayed by Southern hybridization to detect 
one or more of the sequences encoded by this fragment. Such 
sequences include the heavy chain D segments, J segments and 
10 71 constant regions together with representatives of all 6 Vh 
families (although this fragment is identified as 670 kb 
fragment from HeLa cells by Berman et al. (1988), supra, we 
have found it to be an 830 Icb fragment from human placental 
and sperm DNA) . Those fractions containing this NotI 
15 fragment are ligated into the NotI cloning site of the vector 
pYACNN as described (McCormick et al., Technisue 2:65-71 
(1990)). Plasmid PYACNN is prepared by digestion of pYACneo 
(Clontech) with EcoRI and ligation in the presence of the 
oligonucleotide 5- - AAT TGC GGC CGC - 3« . 
20 YAC clones containing the heavy chain NotI fragment 

are isolated as described by Traver et al.,M Proc. Natl. Aca<U 
USA. 86:5898-5902 (1989). The cloned NotI insert is 



Sci 



25 



30 



35 



isolated .from high molecular weight yeast DNA by pulse field 
gel electrophoresis as described by M. Finney, op. cit. The 
DNA is condensed by the addition of 1 mM spermine and 
microinjected directly into the nucleus of single cell embryos 
previously described. Alternatively, the DNA is isolated by 
pulsed field gel electrophoresis and introduced into ES cells 
by lipofection (Gnirke et al., SSB2_2. ifl:1629-1634 (1991)), 
or the YAC is introduced into ES cells by spheroplast fusxon. 

EXAMPLE 16 

n,-..^nn^-^num ^«= r.^n«,nie Heaw Chain Tq Transgepe 

An 85 kb Spel fragment of human genomic DNA, 
containing Vh6, D s gments, J segments, the m constant r gion 
and part f the 7 constant region, has been isolated by YAC 
Cloning essentially as d scribed in Example i. A YAC carrying 
a fragment f r m th germlin variabl region, such as a 570 kb 
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f *-830 Icb NotI fragm nt 
NotI fragment upstream of the e 

described above containxng mult-.^e P I detected 

isolated as described. (Barman et al = » ^ 

„o S.0 Kb KotX ----- -t:— ^^trthe nucleus 

. segments., ^ rdr^ibed in E»mple 1. 
a --47^tr»inl2ticn of t.o different OH. 
..agments ^Sult I the integration of bot. f «gm^« - - 

-unn site within the chromosome. Thereiore, 
same insertion site witni transaenic animals that 

, approximately 50% of the ™^ ,„^„ts will 

contain at least one copy of each^of the « 
^« the V segment fragment 30* will 

^ion containing ragmen- I'^Lsion and about =0. by 
carry out V to DJ ^oxnxng y ^ „^ the 570 kb NotI 

5 deletion, depending on the f ,f ,„^ent. 

fragment relative to the position of ^ 
^ is isolated from resultant «-'-J; routhem 
found to he ""^^t^ls containing 

blot hybriaization '^^^^^^ti J..^^"-^* 
, >»- r::f tLr^oI X tblX to express human , , 
C:ig":»Sr"lecul.s m accordance with standard 
techniques. 

EXAMPLE 17 

— tt^t is used to 

30 Harbor, New Xork (1988)) a mouse with the foil 9 

traits: ho^o^-^'^ ^"^^^ fs^g^e copy 

a deletion of J, CExamples 10); ^^'^''1^^ 
Of unrearranged human heavy chain "^!^ „j a 

"examples S ^ 14); and hemi^ for ^ 

35 rearranged human Icappa light chain transgene (Example 

• rouowing the schedule of immunisation thespleen 

is remov d, and spleen cells us d to generate hybridomas. 
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cells fro- an individual hybrido-a clone that secretes 
antibodies reactive with the antigen of interest are used to 
^epare genomic DMA. A saMple of the genomic DMA is digested 
Lth several different restriction enzymes that recognize 

; Xe six base pair sequences, and fractionated on an agarose 
,el southern blot hybridization is used to identify two DHA 
fragments in the 2-10 kb range, one of which contains the 
TZ^ copy Of the rearranged human heavy chain VDJ seguences 
a^ one of which contains the single copy of the rearranged 

0 hum«. light chain sequence. These two "^/^ 
fractionated on agarose gel and cloned directly into pDCl8. 
The Cloned inserts are then subcloned respectively into heavy 
and light chain expression cassettes that contain constant 

region sequences. 

5 The plasmid clone P7el (Example 12) xs used as a 

heavy chain expression cassette and rearranged VDJ sequences 
are Cloned iZ the Xhol site. The plasmid clone pCKl xs used 
as a light chain expression cassette and rearranged VJ 
sequences are cloned into the Xhol site. The ^^^^^"^^^^^^^^^ 

,0 arfused together to transfect SPo cells to produce antxbodies 
that: react with the antigen of interest (Co. et al., ^ 
^,.1 Anad. Sci. OSA 88:2869 (1991), which is incorporated 

herein by reference) . 

Alternatively, mKNA is isolated from the cloned 

25 hybridoma cells described above, and used to synthesize cDNA 
L expressed huxaan heavy and light chain VDJ and VJ sequence 
are then amplified by PCR and cloned (Larrick et al., SiSi^ 
SL^. 1-34-938 (1989)). After the nucleotide se^ence 
of these clones has been determined, oligonucleotides are 

30 synthesized that encode the same polypeptides, and synthetxc 
expression vectors generated as described by Queen et al., 
M^^T. Anad ^r.r. USA.. 84:5454-5458 (1989). 

T inniiT^-lr iT 'T^^r.^^.r^in animals wit.h CQTDplPy ^^t±^^n^ 

35 The f llowing exp rim nt demonstrates that 

• transgenic animals can be successfully immunized with complex 
antigens such as th s on human red blood cells and r spond 
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with kinetics that are similar to the response kinetics 
^^^^ - -^ir:;neraXiv are suitahXe i^uno^ an. 
<«^rise many different types of antigens on the surface of 
5 red and white blood cells. 

J, ....^-Snn uii-h himqn blood. . „ej,e 

Tubes of human blood from a single donor were 
collected and used to immunize transgenic mice having 
^0 functionally disrupted endogenous heavy 

harboring a human heavy chain minigene construct (HCl) , the 

harooring 12 Blood was washed and 

Bice are designated as -ine 112. Blood ^^ns/ml 0.2 

. ^ ■ en «ie Hanics ' and diluted to ixio cbxas./"** 
resuspended m 50 mis Hanks ana ^^^,^ito„eallY using a 

™is f2xl0' cells) were then injected xnterperxtonealiy g 
mis (2X10 ceil , syringe. This immunization protocol 

15 28 gauge needle and 1 cc syring 

was repeated approximately weekly for 6 weeks, serum 

Tonitored by taking blood from 
collecting serum and later testing for ^^^"^^ 
• pre-immune bleed was also taken as a control. On the very 
.0 Lt immunization, three ^ ore^^^^^^ Tgle ru^ization 

«=^4^»iced for serum and for hybridomas, a sxngxe ^ 
TfTx 10' cells was given intravenously through the taxi to 
enhance the production of hybridomas. 



25 



■yable 9 

ati-imals 
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Mice # 2343 and 2348 have a desired phenotype ; • human heavy 
chain mini-gene transgenic on heavy chain knock-out 
background. 

Generation of Hvbridomas 

Hybridomas were generated by fusing mouse spleen 
cells of approximately 16 week-old transgenic mice (Table 9) 
that had been immunized as described (supra) to a fusion 
partner consisting of the non-secreting HAT-sensitive myeloma 
cell line, X63 Ag8.653. Hybridoma clones were cultivated and 
hybridoma supematants containing immunoglobulins having 
specific binding affinity for blood cell antigens were 
identified, for example, by flow cytometry. 

Flow cytometry 

Serum and hybridoma supernatants were tested using 
flow cytometry. Red blood cells from the donor were washed 4X 
in Hanks' balanced salt solution and 50,000 cells were placed 
in 1.1 ml polypropylene microtubes. Cells were incubated with 
antisera or supernatant from the hybridomas for 30 minutes on 
ice in staining media (Ix RPMI 1640 media without phenol red 
or biotin (Irvine Scientific) 3% newborn calf serum, 0.1% Na 
azide) . Controls consisted of littermate mice with other 
genotypes. Cells were then washed by centrifugation at 4»C in 
Sorvall RT600B for 5-10 minutes at 1000 rpm. Cells were 
washed two times and then antibody detected on the cell 
surface with a fluorescent developing reagent. Two monoclonal 
reagents were used to test. One was a FITC- labeled mouse 
anti-human /i heavy chain antibody (Pharmagen, San Diego, CA) 
and the other was a PE-labeled rat anti-mouse kappa light 
chain (Beoton-Dickenson, San Jose, CA) . Both of these 
reagents gave similar results. Whole blood (red blood cells 
and white blood cells) and white blood cells alone were used 
as target cells. Both sets gave positive results. 

Serum of transg nic mice and littermate controls was 
incubated with either r d blood cells from the d nor, r white 
bl od c lis fr m another individual, washed and then d vel ped 
with anti-human IgM FITC lab 1 d antibody and analyzed in a 
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flov cytom ter. Results showed that se™. from mice that are 
S»s^c for the human mihi-^ene locus (mice a343 and 2348) 
Z71Zn I,K reactivity whereas all llttermate anxBals 
u'L, 23*5, 2346, 2347, do not. Kornal mouse seru. ,HS, and 
phos^te buffer saline (PBS, were used as negatxve controls. 
Z Zo^ cells -ere undated and white blood cells were^ted 
S^i^clude only lymphocytes, tines are drawn on the x and y 
ZlTZ provide a reference. Flow cytometry was performed on 
^ s^^atants from fusion 234S. Four supematants showed 
positive reactivity tor blood cell antiaens. 

EXSHFLE 18 

,5 \. vect.^ for K^cpresslon of Antlsense I, Sec^ences 

1 construction of the cloning vector pGPlh 
The vector pGFlb (referred to in a previous example, 
is dl^sted with Xhol and BamHI and ligated with the foUowin, 

oligonucleotides: 

" 5- gat cct cga gac oag gta oca gat ctt gtg aat teg, -3- 
5.- teg acg aat tea caa gat ctg gta cct ggt etc gag -3 

to generate the plasmid pGFlh. This ^ ^-"^l'^.^""^^^. 
25 polyllnker that includes the following ---^^^J^"^' 
HotI, EcoRI, Eglll, ASP718. Xhol. BamHI, Hxndlll, »otI. 

construction of pBCEl. 

A 0.8 kb Xbal/Bglll fragment of pVH25l (r.ferr«l to 
30 in a previous example, ,. that includes the P«»°^^"^^, 
sequeL. exon, first intron, and p«rt of the 
thrhuman VE-V family Immunoglobulin variable gen. 
^ Lert^l into Xbal/Bglll digested vector pm.03 to generate 

3, the Pl"»i^f^=^;^ ^^^^ ^ «„t includes 

the coding exons of the human growth hormone 

seeburg, (1982) EHft 1=239-249, is cloned into "^"^'^J^ 

Lgestl^ pSBlh. The resulting plasmid is digested with BamHI 
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and the BamHI/Bglll of'pVH251N is inserted in the- same 
orientation as the bGH gene to generate the plasmid pVhgh. 

A 0.9 kb Xbal fragment of mouse genomic DNA 
containing the mouse heavy chain J-m intronic enhancer 
5 (Banerji et al. , (1983) Ceil 33:729-740) was subcloned into 
pUClS to generate the plasmid pJH22.1. This plasmid was 
linearized with SphI and the ends filled in with klenow 
enzyme. The klenow treated DNA was then digested with Hindlll 
and a 1.4 kb Mlul (klenow) /Hindlll fragment of phage clone Xl.3 

10 (previous example) , containing the human heavy chain J-M 

intronic enhancer (Hayday et al., (1984) liature 307:334-340), 
to it. The resulting plasmid, pMHEl, consists of the mouse 
and human heavy chain J-m intron enhancers ligated together 
into pUC18 such that they can be excised on a single 

15 BamHI/Hindlll fragment. 

The BamHI/Hindlll fragment of pMHEl is cloned into 
BamHI/Hindlll out pVhgh to generate the B-cell expression 
vector pBCEl. This vector, depicted in Fig. 36, contains 
unique Xhol and Asp718 cloning sites into which antisense DMA 

20 fragments can be cloned. The expression of these antisense 
sequences is driven by the upstream heavy chain promoter- 
enhancer combination the downstream hGH gene sequences provide 
polyadenylation sequences in addition to intron sequences that 
promote the expression of transgene constructs. Antisense 

25 transgene constructs generated from pBCEl can be separated 
from vector sequences by digestion with Notl. 

B. An IgM emtisense transgene construct. 

The following two oligonucleotides: 



30 



5«- cgc ggt acc gag agt cag tec ttc cca aat gtc -3* 
5«- cgc etc gag aca get gga atg ggc aca tgc aga -3* 

are used as primers for the amplification of mouse IgM 
35 c nstant region sequences by polym rase chain reaction (FCR) 
using mouse spleen cDNA as a substrate. The resulting 0.3 kb 
PCR product is digested with Asp718 and Xhol and cl ned into 
Asp718/Xh I digested pBCEl to generate the antisense transg ne 
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^ «Masi The purified NotI insert of pMASl is 

alone or in combination with one or more other transgene 
r Lucte-to generate -^;f:S^-^T^^^Z^ 

x*^M wni-ein. Double transgenic mj.^^ 

h!^=n«^ Chain transgene minilocus such as pHCl (generated 
^^loinjaction ot hoth constructs or hy hreedxng of 
either oy oo J express the human transgene 

10 singly transgenic mice) . ^ e-cell than mice 

encoded Ig receptor on a higher percentag 

T^\o competition between the two populations for factors 
.5 a^cells t^at promoter B-cell differentiation and «cpansion. 
Because the Ig receptor plays a Key role in 
development, moose Ig receptor expressing B-cells that expr 
aeveiopjBc* , ^^.^ o«T-face (due to mouse Ig 

^-^c^:S:e::e^r!r^^tr aurLg B-cell dev^pment 
.0 wmlot co^ete as well as cells that e:^ress the human 
receptor. 



c. 



M, igKappa antisense transg«.e construct. 
The following two oligonucleotides: 



5- ego ggt acc get gat get gca cca act gta tec -3' 
S- cgc etc gag eta aca etc att cet gtt gaa get -3 

„e used as primers for the ampUfication of ^f''^ 
30 "nstant region seguences by polymerase chain reaction (PCR^ 
mouse spleen cD». is a substrate. The Z;^^ 
product i. digested with .sp,xe ^^l^^^^^ 
a,p718/aoI digested pBCEl to generate the 
construct piasi. The purified KotI insert of P"*" ^ 
35 Ser inlected into the pronuel i of half day m use «-ayo. 
TJol in e mblnation with one or n re oth«r transgene 
l^ets~t gen rate transgenic mice. This construct 
^es an KNA transcript in B-cells that hybridizes with 
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mouse IgK mRNA, thus down-reguiating the expression of mouse 
IgK prot in as described above for pMASl. 

EXAMPLE 19 

This example demonstrates the successful 
immunization and immune response in a transgenic mouse of the 
present invention. 

TmTfiunigat -iftn of Mice 

Keyhole limpet hemocyanin conjugated with greater 
than 400 dinitrophenyl groups per molecule (Calbiochem, La 
Jolla, California) (KLH-DNP) was alum precipitated according 
to a previously published method (Practical Immunology, L. 
Hudson and F.C. Hay, Blackwell scientific (Pubs.)r P- 9. 
1980) . Four hundred ng of alum precipitated KLH-DNP along 
with 100 Mg dimethyldioctadecyl Ammonium Bromide in 100 tiL of 
phosphate buffered saline (PBS) was injected intraperitoneally 
into each mouse. Serum samples were collected six days later 
by retro-orbital sinus bleeding. 

Hi n^ lysis of Wnman Anti body Reactivity in Seyum ^ 

Antibody reactivity and specificity were assessed 
using an indirect enzyme-linked immunosorbent assay (ELISA) . 
Several target antigens were tested to analyze antibody 
induction by the immunogen. Keyhole limpet hemocyanin 
(Calbiochem) was used to identify reactivity against the 
protein component, bovine serum albumin-DNP for reactivity 
against the hapten and/or modified amino groups, and KLH-DNP 
for reactivity against the total immunogen. Human antibody 
binding to antigen was detected by enzyme conjugates specific 
for igM amd IgG sub-classes with no cross, reactivity to mouse 
immunoglobulin. Briefly, PVC microtiter plates were coated 
with antigen drying overnight at 37 -c of 5 ng/mL protein in 
PBS. serum samples diluted in PBS, 5% chicken serum, 0.5% 
Tween-20 were incubated in the wells for 1 hour at room 
temperature, f 11 wed by anti-human IgG Fc and IgG F(ab')- 
horseradish peroxidase or anti-human IgM Fc-horseradish 
peroxidase in the same diluent. After l h ur at r om 
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.^perature «>.^. activity was .ass.ss.a by -^^^^^^/J^*^^^ 
L^trate (Si^, St. I»uis, Missouri,' and read after 30 
minutes at 415-49a rm. 




10 



15 



20 



25 



jnman H «»a^ Chain, 

Tyanscrente Mice ■(.>,r>ee mouse 

;i^e 37 illustrates the response of three mous 

iltteriaates tTimunization with KLH-DKP. Mouse number 1296 

r Ta:::rt^ Tan^^en. Z a n=n~t — . 
«0X inherited nei-er - 

^;^riii::::r;;rs:\::vy .ain .=.0.. . was 
^-^"^-^ ^: re::i:":rns"r ^at .t. - 

responses were developed to -^rsol^ore^ ^ t^! ^ 
conjugation to P'-*'-;^ ^^^^l^^r^ln were pr,s«^ 

ai; Tittisa wA*u^ XT j.4w«^ioe -fco the 331116 target 

the same tfice, titers of human antibodies to the 

antigens were insignificant. 

EXAMPLE 20 

This example demonstrates the successful 
^.ation With a human antigen ^^^^^^l^;'^^^^ 
transgenic mouse of the present ^J^^^^!^;^ ^^^^^ ^ ^he 
demonstrating that nonrandom somatic mutation o 
variable region sequences of the human transgene. 




30 



Transg«ac ^=e used for tie «cp«rl.ent were 
,s us for f»notionally disrupted «»rin. 9l >»1" 

" ^^IZn l oi pr duo d by introduction of a trensg^e at 
^loinin, r.,i n <^ resulting in tu.^-e ^ 
fun.^on.1 end g« us (murine) heavy ohaxn pr ducti n. The 
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. transgenic mice also harbored at least one complete 

unrearranged human heavy chain mini-locus transgene, (HCl, 
supra ) , which included a single functional gene (Vjj251) , 
human fx constant region gene, and human 7I constant region 
5 gene. Transgenic mice shown to express human immunoglobulin 
transgene products (suEEa) were selected for immunization with 
a human antigen to demonstrate the capacity of the transgenic 
Slice to make an immune response against a human antigen 
immunization. Three mice of the HCl-26 line and three mice of 
10 the HCl-57 line ( supra ) were injected with human antigen. 

One hundred ^g of purified human carcinoembryonic 
antigen (CEA) insolubilized on alum was injected in complete 
Freund's adjuvant on Day 0, followed by further weekly 
injections of alum-precipitated CEA in incomplete Freund's 
15 adjuvant on Days 7, 14, 21, and 28. Serum samples were 
collected by retro-orbital bleeding on each day prior to 
injection of CEA. Equal volumes of serum were pooled from 
each of the three mice in each group for analysis. 

Titres of human m chain-containing immunoglobulin 
20 and human 7 chain-containing immunoglobulin which bound to 
human CEA immobilized on ^microtitre wells were determined by 
ELISA assay. Results of the ELISA assays for human m chain- 
containing immunoglobulins and human 7 chain-containing 
imnmunoglbulins are shown in Figs. 38 and 39, respectively. 
25 Significant human m chain Ig titres were detected for both 
lines by Day 7 and were observed to rise until about Day 21. 
For human 7 chain Ig, significant titres were delayed, being 
evident first for line HCl-57 at Day 14, and later for line 
HCl-26 at Day 21. Titres for human 7 chain Ig continued to 
30 show an increase over time during the course of the 

experiment. The observed human n chain Ig response, followed 
by a plateau, combined with a later geveloping 7 chain 
response which continues to rise is characteristic of the 
pattern seen with affinity maturation. Analysis of Day 21 
35 samples showed lack of reactivity to an unrelated antig n, 
k yhole limpet hemocyanin (KLC) , indicating that the antib dy 
response was directed against CEA in a specific manner. 
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These data indicate that animals transgenic for 
unrearranged iB^oglobulin gene loci: (1) ^an respond 
to a human antigen (e.g., the human glycoprotein, CEA) , (2) 
can undergo isotype switching ("class switching) as 
5 exemplified by the observed . to y class swxtch, and (3, 
exhibit characteristics of affinity maturation xn thexr 

immune responses. In general, these data indicate: 
a, the human Ig transgenic mice have the ability to induce 
heterologous antibody production in response to a defined 
10 (2) the capacity of a single transgene heavy chain 

Z^^^ region to respond to a defined antigen, (3) respo^e 
^netics over a time period typical of primary and secondary 

response development, (4) class -^^^^^^VV^^linrthe 
encoded humoral immune response from igM to igG, and (5) the 
15 capacity of transgenic animal to produce human-sequence 
antibodies against a human antigen. 

»-F .o,nat.ir TniitRl-ion jn a human hea^ 

j-r-nnsa&rf ^ ffiinilocus. .,4.j«io 
Line HCl-57 transgenic n.ice, containing multiple 
copies Of the HCl transgene, were bred, with l™"°9lobulln 
ILy Chain deletion nice to o«ain mice that contain the HCX 
transgene and contain disruptions at both alleles of the 
endogenous mouse heavy chain (MM) • These mice e:cpress 
Lan m and gammal heavy chains together with mouse Kappa and 
lambda light chains (SBJa) • <"» of these mice was 
hyperimmunized against human carcinoembryonic antigen by 
rieated intraperitoneal injections over the course of 1.5 

n^s mouse was sacrificed and lymphoid ceUs isolated 
from the spleen. Inguinal and mesenteric lymph nodes, and 
payers patches. The cells were combined and ^"^^^ 
Lolate^. First strand cm.x was synthesized from the RHX and 
^ Is a template for PCE amplification with the following Z 
oligonucleotide primers: 



35 



149 5 '-eta get cga gtc caa gga gtc tgt gcc gag gtg cag ctg 
iir^5«^gc get cga gtt cca cga cac cgt cac egg tte-3' 
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These primers specifically amplify VH251/gammal cDNA 
sequences. The amplified sequences were digested with Xhol 
and cloned into the vector pNN03. DNA sequence from the 
inserts of 23 random clones is shown in Fig. 40; sequence 
5 variations from germline sequence are indicated, dots indicate 
sequence is identical to germline. Comparison of the cDNA 
sequences with the germline sequence of the VH251 transgene 
reveals that 3 of the clones are completely unmutated, while 
the other 20 clones contain somatic mutations. One of the 3 

10 non-mutated sequences is derived from an out-of-frame VDJ 
joint. Observed somatic mutations at specific positions of 
occur at similar frequencies and in similar distribution 
patterns to those observed in human lymphocytes (Cai et al. 
(1992) .T. -Rxp. Med. 176 ; 1073, incorporated herein by 

15 reference) . The overall frequency of somatic mutations is 
approximately 1%; however, the frequency goes up to about 5% 
within CDRl, indicating selection for amino acid changes that 
affect antigen binding. This demonstrates antigen driven 
affinity maturation of the human heavy chain sequences. 



20 



I, EXAMPLE 21 



This example demonstrates the successful formation 
of a transgene by co-introduction of two separate 
polynucleotides which recombine to form a complete human light 
25 chain minilocus transgene. 

«o»oT.«^■ ^»n r.^' an unrearranoe d H"ht chain minilocus transgene . 

hy r-o-in-ieetion of two overlappjnty nWA fragments 

1. °^ unrearranaed fup rstional gene segments 

30 vlrfi5.3. vk fiS.S. vk6P,« and vk65.15 

• The specific, oligonucleotide, oligo-65 (5'-agg 
ttc agt ggc agt ggg tct ggg aca gac ttc act etc acc ate agc- 
3«), was used to probe a human placental genomic DNA library 
cloned into the phage vector XEHBL3/SP6/T7 (Clonetech 

35 Laborat ries. Inc., Palo Alto, CA) . DNA fragments containing 
segments fr m positive phage cl nes were subdoned into 
plasmid v ct rs. Variable gene segments from the resulting 
clones are sequenced, and clones that app ar functional were 
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10 



15 



20 



selected. Criteria for judging functionality include: open 
reading frames, intact splice acceptor and donor sequences, 
and intact recombination sequence. DNA sequences of 4 
functional V, gene segments (vlc65.3, vK65.5, vk65.8 and 
v)c65.15) from 4 different plasmid clones isolated by thxs 
procedure are shown in Figs. 41-44. The four plasmid clones, 
P65.3f, pes.sgl, P65.8, and p65.i5f/ are described" below. 

(1 a) p65.3f 

A 3 kb Xba fragment of phage clone X65.3 was 
subcloned into pUC19 so that the vector derived Sail site was 
proximal to the 3' end of the insert and the vector derxved 
BamHI site 5'. The 3 kb BamHI/Sall insert of this clone was 
subcloned into pGPlf to generate p65.3f. 

(lb) p65.5gl 

A 6.8 kb EcoRI fragment of phage clone X65.5 was 

subcloned into pGPlf so that the vector derived Xhol site xs 

proximal to the 5- end of the insert and the vector derxved 

sail site 3'. The resulting plasmid is designated p65.5gl. 

' \ ' ' 

(1 c) p65.8 

A 6.5 kb Hindlll fragment of phage clone X65.8 was 
cloned into pSP72 to generate p65.8. 
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(1 d) p65.15f 

A 10 kb EcoRI fragment of phage clone X65.16 was 
subcloned into pUCia to generate the plasmid p65.15.3. The V, 
gene segment within the plasmid insert was mapped to a 4.6 kb 
EcoRI/Hindlll subfragment, which was cloned into pSPlf . The 
resulting clone, p65.15f, has unique Xhol and Sail sxtes 
located at the respective 5- and 3' ends of the xnsert. 

2. pKV4 

The Xhol/Sall insert of p65.8 was clon d xnt the 
Xh I site of p65.15f to generate the plasmid pKV2. The 
Xh I/Sall insert of p65.5gl was cloned into the Xhol sxte f 
pKV2 to generate pKV3. The Xhol/Sall insert of pKV3 was 
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Cloned into the Xhol site of p65.3f to generate the plasmid 
PKV4. This plasmid contains a single 21 kb "Xhol /Sail xnsert 
that includes 4 functional gene segments. The entire 
insert can also be excised with Notl. 

5 

3. pKClB 

(3 a) pKcor . 

TWO Xhol fragments derived from human genomic DNA 

phage X clones were subcloned into plasmid vectors. The 

10 first, a 13 kb J,2-J,5/C, containing fragment, was treated with 

Klenow enzyme and cloned into Hindlll digested, Klenow 

treated, plasmid pGPld. A plasmid clone (pK-31) was selected 

such that the 5- end of the insert is adjacent to the vector 

derived Clal site. The second Xhol fragment, a 7.4 kb pxece 

15 of DNA containing J,l was cloned into XhoI/Sall-digested 

PSP72, such that the 3' insert Xhol site was destroyed by 

ligation to the vector Sail site. The resulting clone, 

p36,2s, includes an insert derived Clal site 4.5 kb upstream 

of J^l and a polylinker derived clal site downstream in place 

20 of the naturally occurring Xhol site between J^l and J^2. This 

clone was digested with Clal to release a 4.7 kb fragment 

which was cloned into Clal digested pK-31 in the correct 5- t 

3- orientation to generate a plasmid containing all 5 human^J 

segments, the human intronic enhancer human C^, 4.5 kb of 5- 

25 flanking sequence, and 9 kb of 3' flanking sequence. This 

plasmid, pKcor, includes unique flanking Xhol and Sail sxtes 

on the respective 5' and 3' sides of the insert. 
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(3 b) pKcorB 

A 4 kb BamHI fragment containing the human 3' kappa 
enhancer (Judde, J.-G. and Max, E.E. (1992) MoT, cell. B^oJ^ 
lai 5206, incorporated herein by reference) was cloned into 
pGPlf such that the 5- end is proximal to the vector Xhol 
site. The resulting plasmid, p24Bf, was cut with Xhol and the 
17.7 kb Xhol/Sall fragm nt of pKcor cloned into it in the same 
ri ntation as the enhancer fragment. The resulting plasmid, 
pKc rB, includes unique Xh I and Sail sites at th 5 • and 3* 
ends f the insert r spectively. 
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''^''^he Xhol/Sall insert of pKcorB was cloned into the 
sail site of p65.3f to generate the light-chain minilocus- 
transgene plasmid pKClB. This plasmid includes a single 
transgene pxa j 5 human J, segments, the human 

functional human segment, all 5 numan ^ y .^^^ 
intronic enhancer, human C., and the human 3» Kappa e^ncer. 
The entire 25 kb insert can be isolated by NotI digestion. 



* Tk two NotI inserts from plasmids pKV4 and pKClB 

were mixed at a concentration of 2.5 nq/nl each in 
microinjection buffer, and co-injected into the pronuclei of 
half day mouse embryos as described in previous examples. 
Resulting transgenic animals contain transgene inserts 

15 (designated Co4, product of the recombination 

45, in Which the two fragments co- integrated. The 3. 3 kb of 
the PKV4 insert and the 5.3 kb of the pKClB insert are 
identical. Some of the integration events will represent 
homologous recombinations between the two fragments^over the 

20 kb of shared sequence. The Co4 locus will direct the 

^rLion of a repertoire of human sequence light chains m a 

transgenic moiise. 

The foregoing description of the preferred 
embodiments of the present invention has been presented for 
purposes of illustration and description. They are not 
intended to be exhaustive or to limit the invention to the 
precise form disclosed, and many modifications and variations 
are possible in light of the above teaching. 

All publications and patent applications herein are 
incorporated by reference to the same extent as if 
individual publication or.patent application was specifically 
and individually indicated to be incorporated by reference. 

Although the present invention has been described in 
some detail by way of illustration for purposes of clarity of 
understanding, it will be apparent that certain <*^«9es and 
modificati ns may be practiced within the scope of the claims. 
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WHAT IS CLAIMED IS: 
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TTtANSGENE CLAIMS 

1. An isolated inunvmoglobulin heavy chain 
5 transgene that is expressed in B cells of a transgenic 

nonhuman aniaal containing at least one integrated copy of a 
polynucleotide comprising a DNA sequence of the formula: 

(VH)x-(D)y-Wz-<SD)m-(Ci)n-t(T)-(SA)p-(C2)]q 

Wherein x, y, z, m, n, p, and q are integers and x is 2-100, 
n is 1-10, y is 2-50, p is 1-10, z is 1-50, q is 0-50, and m 
is 0-10. -- 

2. A transgene of Claim 1, wherein said 
polynucleotide comprises at least one heterologous D gene 
segment that can be incorporated into a functionally 
rearranged V-D-J sequence. 

3. A transgene of Claim 2, wherein said 
lieterol,o,gous D gene segment contains at least one human D 
gene. 

4. A transgene of Claim 1, wherein said 

25 polynucleotide comprises a human a gene segment and a human 
7i ^ gene segment. 

5. A transgene of Claim 1, wherein q is at least 
1, m is at least 1, n is at least 1, and said polynucleotide 

30 comprises at least about 50 basepairs of a segment immediately 
upstream of a germline switch sequence. 

6. A transgene of Claim 5, wherein said 
polynucleotide comprises about 200 basepairs of sequence 

35 immediately upstream of a human germline 7i switch sequence. 

■ 7. A transgene of Claim 1, wherein a Sp s gment is 
a fi switch sequence. 



20 
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8. A transgene of Claim 1, wherein said 
upstream of a human germlme 7i switcn h 

upsticam Ti„ved to a human 7, switch 

said 200 basepairs are operably linked to a ri 

5 sequence. 

^■P riaim 1 wherein said D region 

9. A transgene of Claim 1, wncicj. 

comprises only heterologous D genes. 
,0 10. A transgene of Claim 9, wherein said D region 

comprises only human D genes. 

11. A transgene of Claim 1, wherein the 
polynucleotide is functionally rearranged in ^OYS ^° P^^^^ ^ 

15 re^ged V-D-. gene segment that contains a recognizable D 
region gene sequence. 

12. A transgenic non-human animal comprising a 
transgene of Claim l in the germline of said non-human animal. 



^° 13. A transgenic non-human animal of Claim 12,^ 

wherein said transgene is rearranged. 

14. A transgenic non-human animal of Claim 12, 
25 vrtierein said transgene is unrearranged. 

15. A transgenic non-human animal of Claim 14, 
Wherein said B cells produce a heterologous antibody. 

,„ 16. A transgenic non-human animal of Claim 15, 

Wherein said B cells produce a population of heterologous 
antibodies of more than one isotype. 

17. A transgenic non-human animal of Claim 12, 
35 wherein said transgene encodes V^, P, Jh, and regi ns. 

18. A transg nic non-human animal of Claim 12 
wherein said non-human animal is a r dent. 
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19. A transgenic non-human animal of Claim 12, 
wherein serxim of said animal comprises human antibodies that 
contain a recognizable D region gene sequence. 

5 20. A transgenic non-human animal of Claim 12, 

wherein at least one lymphocyte of said animal contains a mRNA 
encoding a heterologous immunoglobulin chain. 

21. A transgenic animal of claim 20, wherein said 
10 mRNA contains a recognizable D region gene sequence. 

22. A transgenic animal of claim 21, wherein said 
mRNA contains a functionally rearranged V-D-J sequence. 

15 23. A transgenic animal of claim 12, wherein said 

transgenic animal comprises heterologous antibodies which 
comprise a human-sequence ix chain and which specifically bind 
to an antigen. 

20 24. A transgenic animal of claim 23, further 

comprising heterologous antibodies which comprise a human- 
sequence 7 chain and which specifically bind to an antigen. 

25. A transgenic animal of claim 24, wherein the 
25 antigen is a human antigen. 

26. A transgenic animal of claim 25, wherein the 
human antigen is CEA or a human blood cell antigen. 

30 27. A transgenic nonhuman animal comprising a human 

transgene of claim 1, wherein -IJiis tJransgenia animal further 
comprises lymphoid tissue containing a population of mRNA 
species having somatic mutations clustered in CDR regions of a 
variable region encoded by an immunoglobulin transgene. 



35 



28* A transgenic nonhuman animal of claim 27, 
wherein the immunoglobulin transgene is a heavy chain 
minilocus corr sp nding to HCl. 
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29. 



^«™«,-i.5'na a transgeriic non-human B 
99 A hybridoma comprising a y 

29. A.nyxj caoab'« of immortalizing said B 

heterologous to said non-human animal. 

^ 30 A hvbridoma of Claim 29 wherein the 

30. A nyotx heaw chain containing 
heterologous antibody comprises a human heavy ch 

a recognizable D region gene sequence. 

31. A hybridoma of Claim 29 wherein said B cell is 

of mxirine origin. 

„ A hvbtldoma of Claim 29 wherein the nonoolonal 
I T.^ -i,e„ With an a«init. c. at ieast 

15 ^ monoclonal antibody produced by a 

hybridoma of Claim 29. 
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34. A transgenic non-human animal having serum 
comprising detectable heterologous antibodies and having at 
1^ :rsuppre.sed endogenous immunoglobulin loous. 

35. A method for producing heterologous 
^^oglo^lins from a transg«,ic nonhuman ani^l, - an^l 
having a g«.ome comprising germline copxes of at least 

— re:Cr=Uin locus. 

coveting the animal with a preselected antigen, 

coUecting said heterologous immunoglobulins. 

■ 3S. A method according to Claim 35, wherein 
suppression is produced by an antisense polynucleotide. 

37. A method according to claim 36. wh«:.in tb. 
antisense p lynucle tide is transcribed from an integrated 
antisense transgene. 
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38. A method according to Claim 37, wherein 
transcription of the antisense transgene produces a transcript 
containing an antisense sequence linked to a second sequence. 

39. A method according to Claim 37, wherein the 
non-human animal has a genome comprising germline copies of at 
least one light chain immunoglobulin transgene. 

40. A method for suppressing at least one 
endogenous immunoglobulin locus in a transgenic non-human 
animal, comprising the steps of : ' 

introducing an antisense transgene into a non-human 
animal to produce a non-human transgenic animal bearing an 

antisense transgene; 

transcribing antisense RNA from the antisense 

transgene In vivo ; 

hybridizing the antisense RNA to a polynucleotide 
containing an endogenous immunoglobulin sequence; and 

inhibiting expression of an endogenous 
immunoglobulin chain. 

41. A method of Claim 40, wherein said antisense 
transgene contains a nucleotide sequence that is homologous to 
an endogenous kappa chain immunoglobulin gene sequence. 

42. A method of Claim 40, wherein said antisense 
transgene contains a nucleotide sequence that is homologous to 
an endogenous heavy chain immunoglobulin gene sequence. 

43. A method for inactivating an endogenous 
immunoglobulin gene, comprising the steps of: 

integrating a targeting vector into an endogenous 
immunoglobulin gene; and 

selecting for a cell bearing an integrated targeting 

vector. 

44. A method according to Claim 43, further 
comprising the step of: 
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generating a line of non-human animals bearing a 
copy of the integrated targeting vector. 

45. A method according to Claim 43, wherein the 
5 endogenous immunoglobulin gene is a light chain gene. 

46. A method according to Claim 45, wherein the 
light Chain gene is a kappa light chain gene. 

47 A method according to Claim 43, wherein the 
endogenous immunoglobulin gene is a heavy chain gene. 

48. A method according to Claim 43, wherein the 
endogenous immunoglobulin gene is a murine immunoglobul^ 

15 gene. 

49. A method according to Claim 44, wherein the 
non-human animal is a mouse. 

50. A method according to Claim 49, wherein the 
.ouse furth^ comprises a human immunoglobulin transgene of 
Claim !• 

51. A method according to Claim 43, wherein the 
25 cell is an embryonic stem cell. 

52. A method of generating a non-human animal 
having an inactivated endogenous immunoglobulin gene, 

comprising the steps of: «««erated by 

30 breeding a line of non-human animals generated ey 

themethbd of Claim. 44; and " soring 
identifying individual non-human anxmal offspring 
that are homozygous for an inactivated immunoglobulin gene. 
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53 A oethod according to claim 52, wh rein said 
«fs»ring ha« an inactivated heavy chain 

aSinlst one inactivated light chain i-uno,Xohulxn gene. 
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54. A transgenic non-human animal with an 
inactivated end genous. inoKanoglobulin gene. 

55. A non-human animal of Claim 54, wherein an 
5 integrated targeting vector is present in germline DMA. 

56. A non-human animal of Claim 55, wherein a light 
chain immunoglobulin gene is inactivated. 

10 57. A non-human animal of Claim 55, wherein a heavy 

chain immunoglobulin gene is inactivated. 

58. A non-human animal of Claim 55 which is 
homozygous for at least one inactivated endogenous 

15 immunoglobulin gene. 

59. An antisense transgene comprising a nucleotide 
sequence that is complementary to a polynucleotide sequence 
that is substantially identical to an immunoglobulin gene 

20 sequence. 

60. A transgenic non-human animal bearing an 
antisense transgene of Claim 59. 

61. A transgenic non-human animal comprising a 
functionally disrupted endogenous heavy chain locus and a 
heterologous immunoglobulin heavy chain transgene, wherein 
said animal makes an antibody response following immunization 
with an antigen. 
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62. A transgenic non-human animal of Claim 61, 
wherein said functionally disrupted endogenous heavy chain 
locus is a Jh region homologous recombination knockout, said 
heterologous immunoglobulin heavy chain transgene is the HCl 

35 human minigene transgene, and said antigen is a human antigen. 

63. A transgenic non-htiman animal of Claim 61, 
wher in the antibody response comprises a population of 
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aixtibodies Which comprise human chain-oontaiiiing 
::^c,lcbuiins ana human . chain-containing ^unciohuixns. 

64. A trans,«.ic non-human animal of claim 63, 
Wherein the heterolo,ous antibodies comprise a P'^^l^^^^ 
heterologous immunoglobulins ^^^^'^^Z^^T 
m the variable regions which cluster in the CDRs. 



65. A transgenic non-human animal of Claim 63, 

Wherein the ant^en is ^^-^^^^^^ ^^ZZ^^"' 
human blood cell surface antigens, KLH, and n 



/A /\ 



wo 93/12227 



PCr/US92/10983 



t/47 




PR1 CDR1 FR2 CW CDR^^^ 





CI 



AAAAAAA 



/ \ 



FIG. 2 




FIG, 3 



wo 93/12227 



2/47 



PCTAJS92/10983 




SUBSTITUTE SHEET 



wo 93/12227 



3/47 



PCT/US92/10983 



^ I I 11 J' ' 



FnAGMENTI 2 3 4 



nGURE 5 



wo 93/12227 



PCr/US92/10983 



4/47 




FIGURE 6 



wo 93/12227 



PCr/US92/10983 



5/47 




wo 93/12227 



6/47 



PCr/US92/10983' 



irruo O UC50-3 

OUGO-- Q'^^^^ 



OUGO-4 



OUGO-5 OLlGO-6 



SOStyl Q4Soni 127MIUI 

ftoxhol 121HinDm 
56 BamH I 83 Xho \ , , 39 , 

;?n'oV. esSSV ^OOBgn. l33Spe, 



I 1 t 




147 BASE PAIRS 



pGPI POLYUNKER 



FIGURE 8 



wo 93/12227 



PCr/US92/10983 



7/47 



pMUM INSERT 





63 Kb Batn ri l/HinD U l 
(A) 



lOKbH-nDUl/BamHi -.. SKbBamri l 



(B) 



IC) 



HUMAN n LOCUS 



HGURE 9 



wo 93/12227 



PCT/US92/10983 



8/47 




wo 93/12227 



PCr/US92/10983 



8/47 



HUMAN Cvi GENE 




FIGURE 11 



wo 93/12227 



PCT/US92/10983 



10/47 




25 Kb Not l/Spe l INSERT 



HGURE 12 



wo 93/12227 



11/47 



PCr/US92/10983 



% 



I \ 




wo 93/12227 



PCr/US92/10983 



12/47 




HGURE 14 



wo 93/12227 



13/47 



PCT/US92/10983 



Smai 





5 Kb Sma i 



i6KbSmai 



HGUBE 15 




HGURE 16 



wo 93/12227 



14/47 



PCT/US92/10983 





SUBSTITUTE SHEET 



wo 93/12227 



PCr/US92/10983 



15/47 




wo 93/12227 



PCr/US92/10983 



16/47 



ScoR I 



pGKNeo 




HinO III 



HinD III Klenow EcoR ' 



EcoRI 



pGKNeo 
(A) 



BLUNT 



HGURE 18b 



wo 93/12227 



PCr/US92/10983 ' 



17/4? 



Sort I 




HGURE 18c 



wo 93/12227 



PCT/US92/10983 



18/47 

Ecofl I WinD III 
■ pGKTK 




l3KbCa 

EcoR I FRAGMENT 



FIGURE 18d 



wo 93/12227 



PCr/US92/10983 



19/47 



NAOUSE KAPPA GENE 




Bgl II 



FIGURE 19a 

/ \ M 



wo 93/12227 



20/47 



PCT/US92/10983 



/ > 




HGURE 19b 



PCr/US92/10983 



SphI 
Not I 



pKK03 



BssH II DIGEST 

- 2 Kb Sal 1 TO EcoR I oGK Neo 
FRAGMENT W/ BssH II LINKER 
AOAPTUS 




FIGURE 19c. 



wo 93/12227 



22/47 



PCT/US92/10983 



Sac I I 

Xhor^ 



Xbal 
Xbal 
Bglll- 



O 

> 

CD 

& 
o 

CC 

|i 

■.2 
< 

o 

-J 
a. 



Xbal- 
Bglll 

m 

Bgl II - 



Saci 
Xhol 



Xbal 

XbaH 
Bgl II 



pa 



Nsll- 

Sack 
Xbal^ 



Pstl7 
Bgl \vl 



,-5 



Sph i - 



Stu 
EcoR 
Sph 
Xba 



Sac l/EcoR I 
Sac I 
Xbal 

Bgl II 
PstI 



O 

Ui 

m 

§ 

Q. 



Xbal- 
Bgl II ■ 

Nsll 
Sad 



Bgl II 
Pstl-H 

Pstl 
Pst 

EccRI 
Xhol I 
Xbal I 
Sph I I 



Sac j 
Xhol 



Xbal , 
Xbal- 
Bgl II - 



Xbal- 
Bgl II - 



sac 



Not I vl 
HinD III +1 



BamH ^ 

Cia -P 
Xhol 



XbaK 
Xbal - 
Bgl II - 



Bgl II 
Pstl-| 

Pst I J 
Pstn 



EcoR 

i 

Stu 

Is 



s 

z 



Xbal 
Bgl II 

Nsll 
Sad 



Bgl II -g 
Pst I- 5 



stff 



Stu 
EcoR 

^5 



Sac I 
Xhol 



Xba 
Xbal - 
Bgl II - 



z 



Xbal 
Bgl II 

NslU 
Sad 



Bgl II 
Pst 



EcoR 



Pstl 

Pi 



stl' 



Xbai 



^"8 

Ecol 
Sph 
Xba 
Bgl 



EcoR 



Sac l/EcoR I 
Sad 
Xbal 

Bgl II 
Pstl 



o 

CM 

CD 




< 

i CC 



O 

2 

a. 



o 
O 

LU 
C3 



CO 

I 

O 

Ui 

z 



t 

O 
til 



o 



p 



CD 
Z> 

o 

2 

a. 



Q 

UJ 
CJJ 

oc 

LU 



SUBSTITUTE SHEET 



wo 93/12227 



23/47 



PCr/US92/10983 



BamH I -| 



o 

> 
o 

Hi 

a 
< 

X 

o 

I 

CO 
O 



Hind III - 

Spel - 
Hind m-shli 
Xbal 
EcoRI 

Xba l - 
Nael- 

Hind III 
BamH I - 
Hind III - 
BamH I - 
Xhol^aclH 



ICO 

_ja 
Stu 



Hindu 
BamH 
Nco 

EcoRI 
Hind III 
EcoRI 



Nco I 
EcoRI 
BamH I 




EcoRI 



Hind II 
Sph 

Sal 
Xba 
BamH 
Stu l/Sma 
Xba 
EcoR 



Sal l/Nae I -r 
BamH I - 

Stui.N 
Spe I 
Xho I EcoR I f 



co< 

Uiiu 

cox 

UJQ. 



Xbal/Nael' "^^4 
Hind III JH 3 
BamH I ^ 
Hind III 

BamH I 4 

Sad 
EcoRI 



7 



Xho 
EcoR 



to 
CM 

CD 
EC 



. JH2 
■JH1 



Hind III: 
Not I 



CO 








O 




3 


s 


X 


z 

1 


O 


X 




■ 


o 


00 


z 


o 


Ui 


3 


CD 


Q. 


5" 





CD 

o 



SUBSTITUTE SHEET 



wo 93/12227 



23/47/,, 



PCr/US92/10983 



OC 

i 

> 

O 



CD 

< 
X 

o 

i 

. X 
lU 
CO 
3 
O 
2 



EcoRI 



Not I 
Sail 
EcoR l/Xho I 



Sal l/Nae I 
BamHl H 



BamH I H 



Xho - 
Xba . 
Stu ^ 
Xba - 
Hindu - 

BamHI- 


EcoR l/Xho 1 
Xbal 
StuI 
Xbal 
Hind III 

BamHl 


EcoR 1 - 


EcoRi 


Hind III - 


Hind III 


EcoR 1 - 


EcoRI 



Hind lllyf 
Notn 



Hin 



O 
us 
z 



Hind III 

Spel . 
Hind lll-suTi 
Xbal , 
EcoRI/ 



Sal i/Nae I 
BamHl 



EcoR l/Xho I 



I 



< 

Ui 
CQ 
O 
OC 
Q. 



Stu 

Xba 
Hind II 
BamH 

Ncol - 

EcoR I - 
Hind III - 
EcoRI - 
Ncol- 



0| CO 

2 tC 
Q. 



CD 



CO 

o 
o 



in 

I 



o 

Q. 



X 



Q 
UI 

m 

o 



tu 



SUBSTTIUTE SHEET 



wo 93/12227 



PCr/US92/10983 



24/47 



Amp' 



6 Not I . 
14 XhO I 
26 Cla 
46EC0RV 



RATIO HEAVY CHAIN 
3' ENHANCER 




665 Not I 

^ ttpATRANSCRIPnON 
TERMINATOR 



ROP 



ORI 



HGURE 22 



wo 93/12227 



PCr/US92/10983 



25/47 




wo 93/12227 



PCr/US92/10983 





SUBSTITUTE SHEET 



wo 93/12227 



PCr/US92/10983 



28/47 




wo 93/12227 



PCT/US92/10983 



29/47 




wo 93/12227 



PCT/US92/10983 



30/47 




FIGURE 28 



wo 93/12227 



PCr/US92/10983 



31/47 



Sail Notl 




FIGURE 29 



wo 93/12227 



PCT/US92/10983 



32/47 

D 



Ca 



QEAMUNE 
DNA 



mRNA 




Not I 



^CORI PB2 CDH2 FB3CTmFR4&L 



FR1 



AAAAAAA 

I i 1 1 I T 



OUGO dT * REVERSETHANSCRIPTASE 
\ dG TAIL WITH TEHMINALTRANSFERASE 
\ PGR AMPUFY WITH OUGO(dG) AND 0UGC>69 




PRIMER EXTENDED WITH 0UGO-"C- 



1 



I PRIMER EXTENDED WITH 0UGO--0- 



I 



I ; PCRAMPUFYWITH0UQ0.-E-AND0UGO.-P 




^/-«B pVHf 

Sfil 



KasI 



Xhol 

JSTRUL 
VRE6ION UBRARY 



I CONSTRUCTQERMUNECONFIGURA^ 



10 



CONCATENATE UBRARY 
SYNTHETIC HEAVY CHAIN VARIABLE REGION 



nGOKE.30 



wo 93/12227 



PCT/US92/10983 



33/47 



1^ 



o , 



o , 



in 



o , 
in 



in 



X 
UJ 



CO 

X ^ 

« o 



cT:: 




o _ 



8- 



O . 
CO 



in : 

CM 



o , 

CM 



in _ 



o _ 



in - 



o - 



o 
X 



CO 

^ I 



o :: 



CO $; 



o 
X 




o 



CO ^ 



^CM^ii 



Oil 
CM- 

X 

> 



o 



in 

(O 

X 
> 



UJ 



o 

CM 

o 



< 
o 



55 

Q. 



CM 

X 
> 



X 

> ^ 



CO 



^^cmZ^ 

CM 

in 
O 

CM 



o 

X 
a. 



5 
o 



CM 
X 

> 



X 

> ! 



o 
> 



o 

X. 



CO 

CD 




CM 

o 

X 
o. 



o 



SUBSTfTUTE SHEET 



wo 93/12227 



PCT/US92/10983 



34/47 




wo 93/12227 



PCr/US92/10983 




HGURESS 



wo 93/12227 



PCT/US92/10983 



36/47 

* 0.8t 



0.6- 
0.4: 




i 


1 


I 


i 






i 




FTl Ig KAPPA 
^igM 

1 1 Inft1 
1 I '9^1 


co- 


ses ■ 


674 
KC1 


' 259 
IGM1 


' 320 
HC1 


' 242 
HC1 


' 496 
HC1 


MOUSE ID# 
TRANSGENE 



F/G. 34 



SUBSTinni SHEET 



wo 93/12227 



PCT/US92/10983 



37/47 




■ I9 kappa 
Q laM 
□ I9GI 



FIGURE 35 



wo 93/12227 



PCT/US92/10983 



38/47 




FIGURE 36 



wo 93/12227 PCr/US92/10983 

39/47 



KLH-DNP 

3- 




RECIPRC5CAL SERUM DILUTION 



RECIPROCAL SERUM DILUTION 



FIG. 37a 




-Brtq a I nn D I i 1 Qu^ □ i nH 

inl iri2 in3 10* 10^ 10® 10^ 

RECIPROCAL SERUM DILl^ON RECIPROCAL SERUM DILUTION 



FIG, 37b 



BSA-DNP 

3- 




IQl 102 103 

RECIPROCAL SERUM DILUTION 



lO"* 10** 10^ 10® 
RECIPROCAL SERUM DILUTION 



FIG. 37c 



SUBSTITUTE SHEET 



wo 93/12227 



40/47 



PCr/US92/10983 



nGURE38 



HC1-26 human Ig minilocus transgene 
(pooled serum from 3 mice) 
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100 



TGCMCTOX: TXSCAGCTGC OCiaOCTTOC imXX Xi\V\ TTfiftTtl CCrG ISO 
TGKS^GAQX CnX3QQS03A iC^^ 200 

QCaftQCXXX3l QCTCRQCTTC TCTTOCTOCT C3CI30CTGG CTCCCftGgtg 250 
tGlxiaiaPro AlaOiiLeuL euPheLeuLe uLeuI^uTrp leuPrb 
agggggaacc atgaggtggt tttgcacatt agtgaaaact cttgccacct 300 

ctgctcagca agaaatataa ttaaaattca aagtatatca acaattttgg 350 

ctctactcaa agacagttgg tttgatcttg attacatgag tgcatttctg 

ttttatttcc aatttcagfiT AOSmSGRG MftlTGrGTT QOCaGTCT 

Asp ThrThrGlyG luIleValLe uThrGlnSer 

cEAGOom: ix3K3Tix3!k: Toca^^ ^ 

ProAlalhrL euSerLeuSe iProGlyGlu ArgZOaThj^L euSerCysAr 
QQCX30m3 AGIGIIAQCA QCTACTTaQC CK^^ 550 
qAlaSerGIn SerValSerS erTyiLeuAl alrpTyrGln GLnLysProG 
/QraGQCTOC CAQQCra^X: AT^^ ®^ 
lyGlnAlaPr oAn^LieuLeu IleTyrAspA laSerAsnAr gAlalhrGly 
ATCOCSmS^ QSITCRG!K3^ ®° 
Il^ProAlaA r^heSerGl ySerGlySer GlyThrftspP heThrLauTh 
CRICfiGCAGC CTAGfiOOCTG AAGfiTTT3X3C AGTmri^ TGTCAGC3«3C 
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AftLiU^iUiLi xl«:^«-*^ ^ etduAlaPr oAlaGlnLeu 

CrcnCCICC TQCIZOCIG OCICaCA!^ gaggggaata tgaggtgtct 250 

LeuPheLeuL euLeuIfiuTr pleulhr 300 

ttgcacatca gtgaaaactc ctgccacctc tgctcagcaa gaaatataat 300 

taaaattcaa aatagatcaa caattttggc tctactcaaa gacagtgggt 350 

ttgattttga ttacatgagt gcatttctgt tttattrtcca atttca^ 

SSS^SSLeu ThrGlBSerP roAlalhrLe uSerlHuSer 
"^^^^ C.^^ ^^^^^^^ 
ProCayGluA rgftlalhrLe uSerCysArg ^Jf^^ JSS^ 
^SSx TGCTftOC3^ AGft^^ 

Sr^ftspai'^SeiAsnArg AlalhrGlyl leProftla^ 

OOCICROC ATC3^^ 650 

iS^roG lyOlirftspPh eDi^uIhr neSerS^ f^Sig^ 700 
^S^^ (li^Sr G3X3^GCZ^ 
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rrg^w^ GCriGGSICA GAQCTCIOGA GAAGRQCTCSC TCRSmOSl 100 
,mi3^ GARCX3^ 

^^^^ ^fetGl uThrProAla GlnLeuLeuP helfiul£ul£ 
ACTCEGQCK: (XaOgtgagg ggaacatggg atggttttgc atgtcagtga 

Stcctgtt acc^caac tctgctcag. caatacaata 250 
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attaaagctc aatataaagc aataattctg gctcttctgg gaagacaatg 
ggtttgattt agattacatg ggtgactttt ctgttttatt tccaatctca 

^rS^ lyGluIleVa llBuThrGln SeiSroGlyT hrleuSe^ 
uSerProGly GluArgalaT hrLeuSerCy sArgAlaS^ ^S^^ ^ 
erSerSerTy rLeuaiaTrp TyrGlnGliiL ysProGlyGl nMaPrcArg 
I^uLBuIleT yr(31yAlaSe rSerArgZOa ThrGlyn^ ^^^^ gnQ 
SrGlySer GlySerdyT hrft^helH rl^ulhrl]^ ggo 

lu ProGlua s pPheAlaVal T VrTvrCvsG InGlnTyrGl 

cd^SA WhTCA TaX3C3^ 700 

TaaaGATiA TaocRGCTOC TTcrrnso. gatrqcksct qcraigrcra 
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GGIQGQGaCA dXaQCraGT GCTCaGITAC TCAGATGCGC CaGCTClGC3V 100 

QCTGixms^ c3ocimn3^ Tora^ 150 

CaftOCTCCIG OOCIXSaRGOC ^Sas QCTGGTCAGA CmGrOCRG 200 

GAarcaGRDC CAGTCaOGaC ACRGC^^ 250 

MstAs ptfetArgVal Leu A la G l n L 
roCTQQQQCr OCrQCTQCIC MnU TAG gtaaggatgg agaacactag 300 

euLeufflLyLe uLeuLeuIeu CysPhePro 

cagtttactc agcccagggt gctcagtact gccttactat tcagggaaat 

tctcttacaa catgattaat tgtgtggaca tttgttttta tgtttccaat 

ctcagGTQCT iiffm3EGRCA TOCZOTGftC CCPGSCTCCh TOCTCZOXSr 450 
GLvAla ArgQ^sAspI leGlI]^tetTh rGLnSerPro SerSeri^ 

cixjL m uiGr flGGac30GA Gax3m^ cnxsEaaoQC GaGrcROOGr soo 

eiftlaSerVa IGlyAspRrg ValThrlleT hrCysargftl aSerGlnGly 
MiRGCSiQCT QGnaOOCro GTKECAQC3^ AAACCMaSV MGOCXXITRA 550 
neSerSerT rpLeuAlaTr pTyrGlnGln LysProGluL ysAlaProLy 

sSerieuIle TyiALaMaS erSerLeiiGl nSerGlyVal P3:oSerftr^ 
TCAQCX3GCaG TQGRTCTQQG JOGAITTCA OCTCRCCM: CRGCaGCX^G 650 
heSerGlySe rGlySerGly ThrftspPheT hri^Thril eSerSerlBU 
CaOOCISiftG MTTIQCaaC TTKETACrOC CAACAGTM3V MAGTTAGCX: 700 
Glii ProGluft . spPheAlalh r TvrTvrCys G lnSLnTyrA snSerTyrPr 
arrhar^rTTVt TTRCRCRCXX: M^maS-OXCRQGGRA QCSGRTGrGT 750 

aOGdOOQC TQOCrCRGCT GCITCTOCTG ATGOCTCTKr CRQCTGaGaG 800 

TGnqCICRG MGCRQOCaC ACICTGRTQG TGTTGSTRGA TOGGGAC 847 
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